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INTRODUCTION. 


The island of Eubcea lies on the western coast of Greece and 
is separated from the mainland by the Canal d’Atalanti and the 
Canal de L’Euripe. The latter, where it joins the former at 
Chalkis, is not more than 150 feet wide and is there crossed 
by a bascule bridge. The chief town is Chalkis, having a popu- 
lation of 8,000, and connection with Athens, some 60 kilometers 
distant, by rail. (See Fig. 36.) 

The magnesite deposits occur in serpentine, the largest area 
of which forms a belt that traverses the island, at its central 
part, in a general east and west direction. This outcrops for 
some 5 kilometers between Limni and Mt. Kandili, on the 
Canal d’Atalanti, and from Kymassi to Pyli, a distance of 7 
kilometers, on the Agean coast. It is continuous right across 
between the coast lines, a distance, at this part, of some 18 
kilometers, but is much constricted in the middle owing to the 
serpentine being there overlain by tertiary sedimentary deposits. 

In addition to this area there are numerous small serpentine 
outcrops scattered through Eubcea, some containing magnesite. 
Of these the most important are those of Afrati and Hagia 
Anna. 

The two largest towns in the mining district are Limni and 
Mantoudi. The former, charmingly situated on the western’ 
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side, on the Canal d’Atalanti, has a population of 3,500 and is 
reached either by small steamer from Chalkis (the journey 
taking from 2 to 3 hours), or by road from Mantoudi. The 
latter is distant 60 kilometers from Chalkis by a road that, 
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Fic. 36. Index map showing location of the Island of Eubcea, Greece, west 
of the Canal d’Atalanti. (Courtesy of Eng. and Min. Journal.) 





compared with the one between Athens and Chalkis, is quite 
good. The scenery it traverses, while always picturesque and 
interesting, is, when crossing the ridge leading to Kandili, rugged 
and grand. 

Mantoudi, with a population of 1,800, lies 4 kilometers in- 
land from the open roadstead of Kymassi. Pyli is a village 
situated on the eastern side of the island on a bay of the same 
name, at the southeastern corner of the serpentine. Daphno- 
potamous, as its name implies, is merely a river and has, near 
its mouth, magnesite workings. 

This central serpentine area is the best watered and most 
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fertile portion of Eubcea, the contrast which it offers in this 
respect with the typical Karst appearance of the surrounding 
limestone being most striking. This is particularly noticeable 
on the journey by steamer from Chalkis to Limni, the green en- 
virons of the latter looking like an oasis in a desert of lime- 
stone. Its hills, where they have not been stripped, are cov- 
ered with a growth of pines which are used for mining pur- 
poses and also by the peasantry as a source of the resin they 
add to their wine. 

Literature—Though the Eubcean magnesite deposits must 
have been known for a long time and the pure white color of 
the mineral must always have attracted attention, the writer has 
been unable to find anything more than a passing reference to 
them in the-scientific literature at his disposal. Even Dana 
makes no reference to the mineral of this locality in his “ Sys- 
tem of Mineralogy.” The geology of Eubcea has been treated 
of in greatest detail by Deprat,* and it is on his work, together 
with the field knowledge acquired during a recent professional 
visit to Eubcea, that the material forming the present contribu- 
tion is based. Professor C. A. Ktenas, professor of geology 
in the University of Athens, and Directeur du Service Geolo- 
gique de Gréce, has done much work in connection with Grecian 
geology, but his labors have not yet extended to Eubcea. It is 
with the idea that these deposits have previously escaped de- 
scription that the present one is offered. 

Mining of magnesite in the island was begun some 45 years 
ago by Mr. Boudaris, on what now forms the property of The 
Société Financiére de Gréce. The production, with some set- 
backs, gradually increased, and before the war had reached an 
output equivalent to 150,000 tons of crude magnesite per annum, 
all of which was exported to England, Europe, and America. 
During the war, the industry, through want of shipping facili- 
ties, declined and has not yet again reached its former pro- 
portions. 


1M. J. Deprat, “Etude geologique et petrographique de I’Ile d’Eubee;” 
these presentée a la Faculté des Sciences de Paris, 1904. 
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Topography.—Rising rapidly from the Canal d’Atalanti to a 
height of some 1,200 feet, the western portion of the main 
‘serpentine terrain forms a ridge, which, abutting against the 
limestone massif of Kandili (2,700 feet), makes part of the 
connection between the latter and the mountains of Galtzades 
to the north. This ridge, deeply dissected on both sides by steep 
gullies, which have a general northeast and southwest direction, 
falls away rapidly on the east side to the valley of the Nilefs 
(Pharaklu) and its tributaries, from which, country of an un- 
dulating nature extends to Mantoudi, Hagia Anna, Achmet 
Agha and Kymassi. From the latter point the surface rises to 
the south and forms high ground stretching inland and a line 
of cliffs along the A“gean coast to Pyli where the serpentine dis- 
appears under the limestone of Mavrovouni (3,400 feet). 
Rugged, well-timbered hills extend south from Pyli and, turn- 
ing west, are merged in the slopes of Kandili. It is in this hilly 
southern part that the river Kirefs and its branch streams have 
their sources. 

In relief, the serpentine area has the form of a basin with 
the rim broken away or open towards the north, whence flows 
the river Nilefs (Pharaklu) which junctioning with the Kirefs 
between Skyloganni and Mantoudi enters the A¢gean at the site 
of the ancient city of Kerinthos, a little to the north of Kymassi. 
The open nature of the country on the northern side of the 
basin and also in the center is due to the serpentine being, or 
having been, overlain there by Tertiary deposits which weather 
readily. Isolated patches of these, consisting chiefly of con- 
glomerates, marls and marly limestones, also occur, capping 
some of the hills in more elevated parts of the area, more par- 
ticularly between Limni and Kandili. 


DESCRIPTIVE GEOLOGY. 


Petrography.—Serpentinization has been so thorough in the 
central area under discussion that it is unusual to find rock speci- 
mens, in the field, which, when examined with the loupe, show 
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anything more than serpentine. Occasionally, it is possible to 
distinguish a fragment of pyroxene and accessory minerals such 
as magnetite, ilmenite, and chromite. Sometimes, on weathered 
surfaces, small outstanding crystals of bastite can be recognized 
by their luster or schiller. 

The serpentine outcrops have a brown or reddish-brown 
“rusted” appearance, whilst freshly fractured surfaces: are 
greenish, yellowish green or dark gray in color. The rock is 
invariably irregularly and extensively jointed. In the zones 
where magnesite occurs the color is usually lighter, ranging from 
greenish yellow to greenish gray and the serpentine has a more 
altered appearance generally, so much so that these outcrops 
always stand out in contrast with the relatively less altered ones. 
Sometimes the outcrops are a mass of branching veinlets form- 
ing stockworks. 

Deprat,” who treats at considerable length of the petrography 
of the Eubcean igneous rocks, refers to the occurrence of dia- 
base, lherzolite, harzburgite, dunite, gabbros, pyroxenite, and 
hornblendites in the serpentine areas, and states* that almost all 
the serpentines of the island have been derived by alteration from 
the harzburgite (poikilitic enstatite) type of peridotite. The 
rock weathers to a reddish chocolate-colored soil which, though 
generally shallow and scant, forms the foothold of a considerable 
growth of pines and brushwood on the hills and, where it has 
been washed down to lower levels, fertile flats in the larger 
valleys. 

Structural Geology.—The serpentine is overlain is places by 
Tertiary (Miocene and Pliocene) conglomerates, marls, and 
marly limestones. Near Mantoudi, where the covering is well 
developed, a section examined by Deprat showed the following 
succession (See Fig. 37): 


5 Conglomerates 
4 Travertines interstratified in marls 


3 White marls 
2 Op. cit., p. 165 et seq. 
8 Op. cit., p. 186. 
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2 Fresh water limestones 
1 Marly limestone 


The thickness of the tertiary covering varies greatly but the 
conglomerates in some places are 600 feet thick and are com- 
posed chiefly of fragments of limestone and serpentine. The 
latter constituent is particularly plentiful in places as, for ex- 
ample, in the conglomerate exposed in the cliff to the north of 
Limni where it forms nearly the whole of the rock. So much 
is this the case that veins of magnesite have been formed in 
the conglomerate. 

The serpentine, in its turn, is intrusive in limestone of Cre- 
taceous age but the intrusion was not apparently accompanied 
by metamorphic effects of much intensity. Clear contacts are 
not easy to find and where they exist, it is not possible usually 
to distinguish the igneous metamorphic effects from those of 
dynamo-metamorphism due to movements subsequent to the 
intrusion. At a contact just east of Limni there occur reniform 
masses Of hematite and Deprat notes a tendency for that mineral 
and chromite to be formed on the large scale at some contacts. 
Many, however, show nothing more than a friction breccia. 
According to Deprat, Euboea has been subjected to intense fold- 
ing during two periods of world-wide movement, the Hercynian 
and Pyrenean. It was the latter which effected the magnesite 
area and gave rise to folds with a west and east axis over- 
turned towards the north, the greater part of which have since 
been removed by denudation, the vestiges being visible in the 
limestone of Kandili to the south. The Canal d’Atalanti and 
the A®gean coast line, the western and eastern boundaries, re- 
spectively, of the serpentine area, are lines of extensive faulting, 
the latter, according to Deprat, dating from the end of the Plio- 
cene while the former is of Pleistocene age. Movement along 
the fault marked by the Canal d’Atalanti has, as the earth- 
quakes* of 1893 and 1894 show, not yet ceased. 


4 Mitzopoulos, Die Erdbeben von Theben und Lokris in den Jahren 1893 
und 1894,” Peterm. Mitteil., XL., 1804, pp. 217-227, p. 15, 2 cartes. 
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The folding or faulting, possibly both, has given rise to the 
lines of fracture or shear along which deposition of the mag- 
nesite has probably taken place. 

Historical Geology.—Teller® regarded the geology of Eubcea 
as simple, whilst Deprat,® on the other hand, ‘considers it ex- 
tremely complicated. According to the latter, the oldest rocks in 
the island, forming a large part of the south end and also oc- 
curring as a narrow band in the north, are of archean age and 
consist of mica schists, gneisses, sericite schists, amphibole 
schists and eclogites. Resting on these is a complex of lime- 
stones, schists and arkoses to which, owing to the absence of 
fossils, no more is known than that they are Paleozoic and older 
than the Carboniferous. The oldest rocks of definite age in 
Eubecea, consisting chiefly of schists, are Devonian during which 
period the island was almost entirely submerged, forming a 
portion of a depression that extended northeast to the site of 
the present Bosphorus. 

This submergence continued through the Carboniferous and 
the depression then stretched southwest through the mainland 
of Greece as far as Sicily. Hercynian movements caused emer- 
gence and much folding, the axis of which varies from north- 
east and southwest through north and south to northwest and 
southeast a range of go degrees.” This was accompanied by ig- 
neous activity represented by diabases, andesitic and labradorite- 
porphyries and melaphyres. Erosion, resulting in peneplana- 
tion, followed, but towards the end of the Triassic, Euboea was 
again submerged except for small portions at the north and 
south ends. Emergence occurred during the Jurassic but was 
quickly followed by submergence which lasted right through the 

Philippson, A., “Das diesjahrige Erdbeben in Lokris,” Verhand. Ges. f. 
Erdkunde, Berlin, XXI., 1894, pp. 332-334, pl. X., carte. 

Skuphos, “ Die zwei grossen Erdbeben in Lokris am 8/20 und 15/27 April, 
1894,” pp. 419-474, 4 pl., I carte. 

5 Teller, Fr., “Der Geol. Bau der Insel Eubcea,” Denkschr. d. k. Ak. d. 
Wiss. su Wien. Math. ... Nat. Klasse, Band 40, 1880. 

6 Op. cit., p. 27. 


7 Prof. C. A. Ktenas, University of Athens. Oral communication to the 
writer. 
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Cretaceous, to which period belongs the grey dolomitic limestone 
of Mt. Kandili and other parts of the island. During Eocene 
time the land rose and the sea was confined to a gulf which 
crossed the island from east to west and connected with the 
Adriatic depression. In this, the deposition of the series of rocks 
called Flysch, which had begun at the end of the Cretaceous, 
took place. Pyrenean movements towards the end of the Eo- 
cene resulted in-considerable folding along an east and west 
axis. At this time Eubcea was connected on the south and east 
with a massif occupying the site of the present A°gean Sea and 
on the north with the old massif of Pelion, Ossa and Olympus. 

Igneous activity, represented by the intrusion of peridotites, 
lasted from Upper Jurassic to Eocene times according to Deprat,° 
who, having observed metamorphic effects at contacts up to the 
lower Cretaceous and only contact breccias and disturbances at 
later ones, concludes that the magma early lost its mineralizers, 
became chilled and compact at its periphery, and later exerted 
only mechanical influence on the sediments it intruded. 

Lacustrine conditions, favored by the basins formed during 
the Pyrenean folding, began in the Oligocene and continued, 
with much variation as to their extent, right through the Mio- 
cene and Pliocene. 

In the Miocene, during which there was alternate rising and 
sinking in the northern and central parts of Eubcea, a local 
and premonitory subsidence connecting with the Mediterranean 
along the line of what is now the Canal de l’Euripe and the 
Canal d’Atalanti gave rise, along it, to lagoon conditions. These 
extended to the basin then existing on the preseAt site of Man- 
toudi, Hagia Anna and Achmet Agha. Under alternate lacus- 
trine and lagoon conditions, the marls, marly limestones and 
conglomerates that still overlie the serpentine in many parts 
of the magnesite area were deposited during Miocene and Plio- 
cene time. In the Pliocene originated the activity of the vol- 
cano Oxylithos with its andesitic rocks, in the Kumi basin, well 
to the south of the serpentine belt. 


8 Op. cit., p. 205. 
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At the end of the Pliocene began the fracturing and sinking 
that resulted in the complete production of the AXgean Sea 
in the Pleistocene. To the last period also belongs the total 
separation of Eubcea from the mainland on the western side, the 
island thus being left with practically the same land and sea con- 
ditions that exist today. 


ECONOMIC GEOLOGY. 


Widely occurring and prominent as the magnesite outcrops 
and “float” are, it is strange that Deprat® dismisses the occur- 
rence of the mineral in Euboea in a single line. The best 
known deposits are those of Mantoudi, Daphnopotamous, Limni, 
Pyli, Afrati, and Hagia Anna. These have elsewhere*® been 
described in detail and need not further be dealt with here. 

Attitude of the Deposits ——The general attitude of the mag- 
nesite deposits is either: (a) Slightly east or west of north with 
an easterly dip, or (b) Roughly perpendicular to that direction 
with a dip that may be northerly or southerly. 

This gives to the majority of them a strike approximately 
parallel to and possibly sympathetic with the direction of fault- 
ing, perpendicular to the axis of Pyrenean folding, that occurs 
in many parts of Greece.**. The remainder coincide more or 
less closely in direction with that of the extensive faulting along 
the Canal d’Atalanti and the A®gean coast. 

Loci of Deposition—The magnesite does not occur every- 
where through the serpentine but is confined to certain more or 
less well-defined zones in that rock. These zones were those 
along which conditions were most suitable for the circulation of 
solutions owing to their containing lines of faulting or shearing. 
Along such channels of easiest circulation replacement of the 
serpentine proceeded. (See Fig. 37.) . 

On the assumption that the faulted or sheared character of 


9Op. cit., p. 188. “Le carbonate de magnésie (Giobertite) se rencontre 
aussi frequemment.” 

10 “ The Eubcean Magnesite Field,” by H. C. Boydell, Eng. and Min. Journal, 
Nov. 12, 1921, pp. 771-776. 

11 Prof. C. A. Ktenas. Oral communication to the writer. 
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these different zones of easiest circulation originated at the same 
geological time, the most likely causes of their formation are to 
be found either in the Pyrenean folding during Eocene time, 
or the subsidence of the A®gean massif and the Canal d’Ata- 
lanti in the Pliocene and Pleistocene respectively. The former 
would give to the magnesite deposits a post-Eocene age while the 
latter cause would make them post-Pleistocene. 

If post-Eocene, it might be expected that fragments of mag- 
nesite would be found in some of the late Tertiary deposits, 
such as the conglomerates that occur so abundantly in the central 
magnesite area. 

So far as the writer has been able to observe, this is not the 
case. Small veins of magnesite occur in some places in the con- 
glomerate, as, for example, near Limni, but these are due to 
the alteration of the serpentine that forms, at such places, so 
large a proportion of the conglomerate. The writer saw no 
evidence tending to show that the deposits were not all of the 
same geological age. 

Deposits of magnesite of such size as those occurring in 
Eubcea require an adequate source of the magnesia they con- 
tain. That this existed in the serpentine itself there can be 
little doubt, as that mineral, when pure, contains 43 per cent. 
of MgO. 

The view that the magnesite may have been formed con- 
temporaneously with the serpentine from the alteration of the 
olivine and bronzite of the original peridotite according to the 
reaction 


2Mg,SiO, + CO, + 2H.O — H,Mg,Si.O; + MgCO, 


! > 


would require that the magnesite should occur generally dis- 
seminated in the serpentine whereas it only actually occurs in 
certain zones in that rock. The same view is not in accord with 
the field and other relations, as these so clearly point to the re- 
placement of the serpentine by the magnesite and not to the 
contemporaneity of the two. 

If the generally accepted theory that the magnesite has re- 
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sulted from the alteration of the serpentine by percolating me- 
teoric waters in the surface zone be held as applying to the 
Eubcean occurrence and the change to have taken place ac- 
cording to the reaction 


H,Mg,Si.O, + 3CO.— 3MgCO, + 2H.0 + 2Si0, 





it follows that half as much silica as magnesium carbonate was 
formed. If this took place the silica must have been very largely 
removed. A little chalcedony occurs on the surface. Deprat** 
reports having seen opal and there has been some late silicification 
but incomparable with the scale required to account for the 
silica called for by the above reaction. This absence of silica 
is borne out by the composition of the magnesite which rarely 
contains more than 1.5 per cent., and usually less, of that sub- 
stance. In this connection it is to be regretted that no analyses 
of the serpentine are available. The writer submits that the 
facts of the Eubcean occurrence are not satisfactorily explained 
by the usually accepted reaction. 

Whatever the actual reaction or reactions may have been by 
which the magnesite was formed, there can be no doubt but 
that, in the massive deposits, it was deposited by replacement of 
the serpentine in which it occurs. A better example of replace- 
ment phenomena would be hard to find. Practically all stages 
may be seen, the first penetration of the serpentine by tiny vein- 
lets of magnesite, then the later phases when the veinlets in- 
crease gradually in size and divide the serpentine into areas that 
become smaller and smaller, these being always rounded and 
never sharp or angular. Then come the last stages where noth- 
ing more than kernels of the serpentine, now often reduced to 
chocolate-colored lumps of coherent ferruginous material, re- 
main. Finally, there results the massive white magnesite, often 
with no traces of the material it replaced but frequently, also, 
showing the outlines or “ghosts” of fragments of serpentine of 
all sizes. When these are small, a resemblance to pisolitic struc- 
ture results. The outlines are sometimes marked by nothing 

12 Op. cit., p. 188. 
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more than a faintly different shade of color to that of the 
white magnesite, sometimes by a light green coloration, less fre- 
quently by a faint red. 

The magnesite often inherits, by replacement, the peculiar 
slicken-sided, grooved appearance of the irregular joint sur- 
faces of the serpentine (the “greasy backs” of the miner). 
These are particularly noticeable on the freshly broken or stand- 
ing mineral underground and impress the observer at first sight 
with the idea that much movement must have taken place, until 
examination shows that the surfaces have no general direction 
in common. The slightly grooved or columnar appearance that 
some pieces of clean magnesite, with no trace of adhering serpen- 
tine, have, may be due to, or a later stage of, this inherited 
“greasy back” structure. 

Usually the deposits have a well-defined foot wall often with 
a slickened appearance and covered with a hard coating of mag- 
nesite; this is particularly the case at Mantoudi and there this 
surface marks the limit of replacement, the foot wall under- 
neath consisting of serpentine containing no magnesite. The 
hanging wall is always irregular and ill-defined and this applies 
to the foot wall too, in places. 

The width is variable, a large body of mineral pinching out 
to a thickness of not more than a few inches but, within the 
mineralized areas, usually making again to something like its 
former size. In development work at both the Société Financiére 
de Gréce’s mine at Mantoudi and that of the Anglo-Greek Com- 
pany at Galataki, thin veins of magnesite, in the general direc- 
tion of strike, are followed as indicators of lar$er bodies of mag- 
nesite further on. The magnesite and partially replaced serpen- 
tine are always dense, never porous or vesicular, no cavities of 
any kind being present. 

With regard to the depth to which the magnesite extends 
little can be said at present. The deepest workings are those 
of the Société Financiére de Gréce at Mantoudi where at a 
depth of 225 feet below the outcrop the deposit shows no notice- 
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able signs of exhaustion and some go feet lower is still said to 
be the same. 

At some places deposition of magnesite has taken place differ- 
ently. Large masses of the serpentine are literally reticulated 
by branching veinlets of magnesite. These are always small, 
seldom more than a few inches wide and more often than not 
only a small fraction of an inch. They penetrate the rock in 
all directions and convert it into a regular stockwork. One of 
these, where the veinlets are larger and not so numerous, occurs 
in the face of the serpentine cliffs near Kymassi, apparently in 
the extended line of strike of the Daphnopotamous deposit. In 
one, near Geroremma, the larger veins have been worked, at 
one place on the surface, by stripping off the overlying serpentine, 
the magnesite having been deposited along joints in, the latter. 
This stockwork is of very large size and, with the exception of 
the point just referred to, the veinlets are small and numerous. 

Another large one occurs at Krine Briza in the community 
property near Limni. Here, the serpentine in which it occurs is 
very much altered, gray or greenish gray in color and often 
friable. It has the appearance of having finely divided mag- 
nesite distributed through it. 

These stockworks, while not connected with the larger con- 
centrations of the mineral, occur near them and evidently in the 
fault or shear zone. Apart from the hopelessly disseminated 
character of the magnesite in them (which renders their work- 
ing impossible), the chief difference between the mineral in 
these stockworks and that in the massive deposits is that, in 
the former, there would seem to have been deposition without 
replacement, none of the replacement fatures of the massive 
deposits being present. 

Post Mineral Fracturing and Mineralization.—This is particu- 
larly noticeable at Geroremma where, in the middle of a face of 
magnesite, there occurs a band, some six inches thick, of a 
creamy colored waxy looking mineral with a hardness of less 
than 1. The miners and foreman call this silex (silica) ; on 
drying in the air it hardens, turns white and has a talcose 
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appearance, though it is rather too hard for that mineral. This 
was traceable for some distance in the drift and had evidently 
been deposited along a post mineral line of fracturing. The 
same substance was seen at Limni and seems to be of fairly 
common occurrence. 

At the Archangelos deposit extensive fracturing of the mag- 
nesite has taken place, without dislocation. The open spaces 
have served as channels for surface solutions and the mag- 
nesite has been permeated in places with veinlets of a carbonate 
that resembled dolomite. In other piaces, veinlets of a darker 
colored substance like ankerite were noticeable. These were evi- 
dently deposited in open cracks and had not replaced the mag- 
nesite. Larger open fractures, along which some deposition 
had taken place, also occur.. The increasingly high lime con- 
tent of this ore body is due to this post-magnesite mineraliza- 
tion. At various places along some of the outcrops, honey- 
combed-looking masses were noticeable which at first sight 
looked like casts of calcite crystals. Further examination, 
however, showed them to have no definite form and to owe their 
origin to the filling of cracks by silica, the hardening of this 
and the subsequent removal of the enclosed serpentine leaving 
the silica as casts of the original serpentine kernels. This, and 
the occurrence of small quantities of chalcedony, also at the 
surface, were the only evidences of silicification that could be 
seen. 

Composition of the Magnesite——Eubcean magnesite has usu- 
ally been described as amorphous, but cryptocrystalline would be 
the better term to use. It is generally pure white in color but 
often slightly greenish due to admixture with residual serpen- 
tine and sometimes reddish or yellowish due to the presence of 
iron. Its hardness is from 3.5 to 4.5; where softer it is due toa 
higher lime content which always renders the mineral more 
friable. A hardness up to 5 is met with and is ascribed by the 
mine officials to the presence of a larger amount of silica. 

Two bulk samples, taken by the writer, of 2,500 tons recently 
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shipped from Daphnopotamous and 1,500 tons from Mantoudi 
had the following composition on analysis :** 





Daphnopotamous. Mantoudi. 

Per cent. Per cent. 
| eR ea ies ets ee a 0.86 1.54 
Oxides of Iron and Alumina....... 0.55 0.33 
BMMENES 2 cras eee oh pase Rica ee he awa eS 0.55 1.21 
POBROESIA | occas sigigs se os he esiece wae 46.94 46.38 
Eoss. on Calcination :.. ....202.340% .. BIO 49.84 
AGI: caves cco h canbeaeseeees 0.70 
SMIAL bo ciiswh is hae ess saee Gees ens 100.00 : 100.00 
Equivalent to Magnesium Carbonate. 98.57 97.39 


Only the best quality is exported (none of the mineral is 
consumed in Greece) and is usually guaranteed to have a mini- 
mum magnesium carbonate content of 94 per cent. No method 
of preparation of the crude material other than that by hand 
picking and dressing (cobbing) is used. 

Magnesite is exported either as crude or calcined and the 
Société Financiére de Gréce and the Anglo-Greek Company both 
have calcining plants. Two grades of calcined material are 
made: (a) caustic burned or plastic magnesite, and (b) dead 
burned. | 

The essential difference between the two is that (a) con- 
tains the amorphous or alpha form of MgO which readily ab- 
sorbs CO, while in (b) the MgO is present as the beta modifica- 
tion which is identical with the mineral periclase and does not 
absorb COs. 

The magnesite, crude or calcined, is shipped to England, 
France, Germany, Italy and the United States of America. 
In the past the largest quantity went to the last mentioned. 


MAPS. 
A key map (see Figure 36) is appended. 
The geological map attached (Fig. 37) is a simplified repro- 
duction of Deprat’s, many of the stratigraphical distinctions of 
the latter being omitted for the sake of greater clearness. On this 


13 Analyst, P. A. Zalacostas, director chemical laboratory, Ministry of 
National Economy, Athens. 
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some of the names of mountains do not agree with the local ones, 
thus Mt. Dagri and Mt. Kedro, shown as lying within the central 
serpentine belt, are not known to the natives. 

The writer has to acknowledge much kind assistance re- 
ceived. His thanks are due to Mr. D. Papastratis; Mr. Follador, 
manager of the Société Financi¢ére de Gréce; Mr. P. Davidson 
Ahier, General Manager of the Anglo-Greek Magnesite Com- 
pany; Professor’ Ktenas, Directeur du Service Geologique de 
Gréce, Athens; Mr. G. K. Georgalas, Director of the Geological 
Department of the Ministry of National Economy, Athens; and 
last, but not least, to Mr. A. Decilas of Athens, under whose 
kindly guidance and assistance much of the traveling and visit- 
ing of the different localities was done. 
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THE CHEMISTRY OF PLATINUM AT HIGH 
TEMPERATURES AND PRESSURES. 


G. R. SHaw. 


INTRODUCTION. 


While an explanation for the presence of platinum in eruptive 
rock has been evolved by Duparc,’* Vogt,? Kemp* and others, and 
satisfactory theories advanced in explanation of the concentration 
of the platinum in the more basic eruptive rock, it is highly de- 
sirable that the conditions applicable to the solution, transporta- 
tion and deposition of platinum in secondary as well as in pri- 
mary deposits be studied in the laboratory. On this subject the 
literature is very meager. 

Dickson,* in studying the presence of sperrylite in the Sudbury 
District, found platinum arsenide associated with the chalco- 
pyrite from the Victoria mine, which he considers to be of un- 
doubted secondary origin. Hussak,° in a study of the occurrence 
of platinum in Brazil, found sharp-cornered unrolled grains of 
platinum, apparently derived from the conglomerate quartzite of 
the eastern s’ope of the Serra de Espinhaca. He ascribes to it 
an undoubted secondary origin, having been dissolved from the 
platiniferous rock and later deposited from this solution. 

Platinum has also been found in Sumatra in a deposit of 
wollastonite and grossularite by Hundeshagen.*° This deposit he 
considers was originally a limestone lens altered by apophyses of 
granite into garnet and wollastonite, and, at the same time or 

1 Soc. D. ing. civ. d. France, 1916, 88. Arch. sci. phys. nat. (4), 31 (1911), 
211, 322, 430, 516. 

2 Zeit. prakt. Geol., 1893, 267. 

3U. S. Geol. Survey, Bull. 193 (1902). 

4J. Canadian Mining Inst., 8 (1905), 1092. 

5 Sitsb. Kais. Akad. Wiss. Wien, 113 (1904), 379. 

6 Trans, Inst. Min. and Met., 13 (1903-04), 550. 
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soon afterwards, mineralized by hot solutions carrying platinum, 
gold, copper, etc. 

The Broken Hill deposits in New South Wales are thought by 
Jaquet’ to owe their platinum content to springs arising from the 
interior, carrying in solution iron, copper, platinum and small 
amounts of other metals. When brought into oxidizing influ- 
ences at the surface, the iron and copper were deposited, while 
the platinum seems to have been previously adsorbed by the 
kaolin, only a portion of it reaching the surface. 

Even as early as 1806 Vauquelin* recognized the presence of 
platinum associated with copper ores in a silver mine at Guadal- 
canal, Spain. Gueymard® found platinum in tetrahedrite and 
bournonite in certain limestones in the Alps. A clay slate*® from 
Lancaster County, Pennsylvania, contained platinum along with 
pyrites, chalcopyrite and galena. The presence of platinum in 
nickel-copper deposits at Sudbury, Ontario, the Rambler Mine, 
Wyoming, and in the Norwegian nickel-copper ores” is generally 
recognized. Phillips’* states that platinum has been found in 
quartz veins in a gold mine at Beresovsk, Russia. 

It is evident that platinum deposits are not confined to basic 
igneous rock, but also occur in veins with secondary deposits of 
other minerals, as well as in highly acidic eruptive rocks such as 
granite.** 

It seems highly desirable, therefore, that a study be made of 
the possible chemical relations which are involved in the solution, 
transportation and deposition of platinum in such deposits which 
are not of igneous origin, but in which concentration took place 
from solution. 

We shall first consider the three factors entering into the sec- 
ondary enrichment of platinum deposits in the order in which 
they occur—solution, transportation and deposition. 

7 Ann. Rept. Dept. of Mines and Agric., New South Wales, 1892, 143. 
8 Ann. d. chim., 60 (1806), 317. 

9 Comptes Rendus, 31 (1847), 814. 

10 Genth, Nord-Amer. Monatsber., 2 (1851). 

11 Vogt, Zeit. fiir prakt. Geol., 1902, 258. 

12“ Treatise on Ore Deposits,” 2d edition, 545-546. 

13 Kemp, U. S. Geol. Survey, Bull. 193, 49. 
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SOLUTION. 


Perhaps the most characteristic property of the platinum metals 
is their insolubility. The acids alone are without action upon it, 
but solution takes place under the influence of an oxidizing agent. 
Fairley** states that platinum is soluble in most of the mineral 
acids in the presence of hydrogen peroxide. 

In view of the fact that gold is soluble in hydrochloric acid 
under pressure,*® several experiments were carried out to ascer- 
tain whether such was the case with platinum. Platinum sponge 
which had been ignited to bright redness, cooled in a vacuum 
desiccator over sulphuric acid and extracted with HCl, was dis- 
tinctly soluble in HCl when heated to 150°—180° for eight hours. 
The solution was colored yellow, gave a precipitate of ammonium 
chloroplatinate with ammonium chloride and the characteristic re- 
actions of hydrochloroplatinic acid with potassium iodide and 
stannous chloride. Entirely similar results were obtained when 
a bright piece of platinum foil was substituted for the platinum 
sponge. 

Platinum is soluble in aqua regia or other solvents which 
furnish free chlorine, but it is scarcely necessary to consider these 
in connection with the solution and subsequent deposition of 
mineral deposits. The same is true of fused alkali, fused potas- 
sium nitrate and such oxidizing fusions as potassium chlorate, 
sodium peroxide and sodium chloride and sodium persulphate. 
Solutions of potassium cyanide dissolve platinum with the evolu- 
tion of hydrogen,*® but it is extremely unlikely that such a solvent 
would occur naturally in such quantities as to account for any 
platinum deposits. 

It has been shown by Thomas and Rule” that fused sulphides 
exert a solvent action upon platinum, and, while this may be of 
considerable geological importance, practically nothing has been 
done concerning the solubility of platinum in aqueous sulphide 

14 British Assoc. Rep. 45 (1875), 42; Berichte 8 (1875), 1600. 

15 Lenher, Jour. Amer. Chem. Soc., 26 (1904), 550. 

16 Deville and Debray, Comptes Rendus, 82 (1876), 241. Glaser, Zeit. Elec- 


trochem., 9 (1903), I1. 
17 Jour. Chem. Soc., 111 (1917), 1063. 
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solutions under pressure. Several experiments carried out in this 
laboratory indicate that solution by either sodium sulphide or 
sodium polysulphide solutions is very slight, if at all appreciable, 
at a temperature of 180° in the course of twelve hours. 

Van Hise’ regarded tlc solution of gold by cupric chloride 
and ferric chloride as of prime importance in the secondary 
deposition of gold, and it was thought that these solutions might 
play such a role in the transportation of platinum. Credence is 
lent to the belief by the fact that in the Sudbury and Rambler 
deposits the platinum is richest where the ore is a chalcopyrite 
and where the nickel is predominant the platinum practically 
fails.*° 

It has been known for a long time that ferric chloride exerts a 
solvent action upon platinum.” It is, in fact, recognized by 
Hillebrand™ as one of the causes of the presence of platinum in 
the filtrate from a silica determination. Preliminary experi- 
ments in this laboratory confirmed this fact, the ferric chloride 
being reduced to ferrous chloride and the platinum being dis- 
solved and converted into hydrochloroplatinic acid. Ammonium 
chloride gave a precipitate of ammonium ci:loroplatinate. This 
was ignited, the platinum dissolved in aqua regia and, after elimi- 
nation of the nitric acid, ireated with potassium iodide and stan- 
nous chloride. Both reagents gave distinctly positive tests for 
platinum. By using a ferric chloride solution of about 25 per 
cent. strength, containing just sufficient acid to prevent precipita- 
tion on boiling, platinum foil was dissolved at the rate of approxi- 
mately one or two milligrams per hour. A 1 per cent. solution 
of ferric chloride dissolved 0.2 milligram of platinum in eleven 
hours under a reflux condenser.: In a similar period one hun- 
dred cubic centimeters of a Io per cent. solution of ferric chloride 
dissolved 3.2 milligrams, while a 30 per cent. solution dissolved 
5.5 milligrams. Solution was, therefore, more rapid in the pres- 
ence of air than when air was excluded. A further experiment 

18“ Treatise on Metamorphism,” 1090. 
19 Dickson, Joc. cit. 


20 Bechamp and Saint Pierre, Comptes Rendus, 52 (1861), 757. 
21U. S. Geol. Survey, Bull. 700, 105 (1919). 








528 G. R. SHAW. 


was tried in which approximately one gram of platinum sponge 
was heated in a sealed tube with 50 c.c. of a 30 per cent. ferric 
chloride solution to a temperature of 160°—180°. Complete solu- 
tion had taken place in twelve hours, the iron being present in 
both the ferrous and ferric condition and the platinum as hydro- 
chloroplatinic acid. 

Entirely similar, though less marked, results were obtained in 
the case of cupric chloride. Platinum sponge, boiled with strong 
cupric chloride solutions, was sufficiently dissolved to give a pre- 
cipitate of ammonium chloroplatinate with ammonium chloride, 
the copper being reduced from the cupric to the cuprous state. 
A 25 per cent. solution of cupric chloride dissolved a piece of 
platinum foil at the rate of about 0.5 to 1.0 milligram per hour. 
Continuous refluxing of platinum foil with cupric chloride solu- 
tions gave little loss in weight (0.5 mg. for 11 hours with 30 per 
cent. cupric chloride). Platinum sponge, heated in a sealed tube 
with 30 per cent. cupric chloride solution to 160°—180°, under- 
went considerable solution, though not so great as with ferric 
chloride. The platinum in solution was identified by precipita- 
tion as ammonium chloroplatinate, with subsequent ignition, solu- 
tion and testing with potassium iodide and stannous chloride. 

50 c.c. of a solution of sodium chloride in the presence of 
manganese dioxide exerted sufficient solvent action on platinum 
foil to give a yellow solution which gave a positive test for plati- 
num. In ten hours at 160°—180° the foil (weight 0.4656 gram) 
lost 8.6 mg. The platinum was present in solution in the tetra- 
valent state. When, however, sodium chloride alone was used 
as the solvent, without the addition of the oxidizing agents, ten 
hours’ heating at 180° was insufficient to dissolve enough plati- 
num to cause a weighable loss of the foil or to give a positive 
test for platinum in the solution with potassium iodide, stannous 
chloride or ammonium chloride. Entirely similar results were 
obtained by the use of the chloride solutions of potassium, cal- 
cium and magnesium. 
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TRANSPORTATION AND DEPOSITION. 


The extremely limited occurrence of primary deposits of plati- 
num and their low content of metal, as well as the characteristic 
insolubility of platinum, are, without doubt, responsible for the 
fact that platinum-containing waters have never been found. 
That it is transported in aqueous solutions has, however, been 
shown. As to how it exists in these solutions, we can not know 
with certainty. Our ideas concerning the media of transporta- 
tion must, therefore, be based upon what we know of the chem- 
istry of platinum under conditions which are likely to be encoun- 
tered in natural processes. 

The chloride solutions, particularly at high temperature and 
pressure, are among the best natural solvents for platinum. They 
therefore afford, presumably, at least in a large number of cases, 
the means by which it is transported in aqueous solution. The 
marked solubility in such solutions as ferric chloride and cupric 
chloride and in alkali chloride solutions in the presence of oxi- 
dizing agents such as manganese dioxide makes such an assump- 
tion entirely plausible. It has been further shown that in such 
solutions the platinum is present in the tetravalent form. It is 
then to be expected that platinum in naturally occurring waters 
would exist as hydrochloroplatinic acid or as one of its salts. 

As was previously noted, fused alkaline sulphides exert a con- 
siderable solvent action upon platinum, converting it into the 
sulphide. * This compound is in turn soluble in an aqueous solu- 
tion of the alkali sulphides. The leaching of such a fusion would 
produce a platinum-bearing solution which could play an impor- 
tant role in the formation of a secondary deposit. From such a 
solution either acid or oxidation would tend to cause precipita- 
tion. It is thus possible for sulphide solutions to play a signifi- 
cant part in the transportation of platinum. 

Van Hise* considers three factors as of fundamental impor- 
tance in the formation of metallic deposits from aqueous solu- 
tions. These factors, namely, changes in temperature and pres- 
sure, the mingling of solutions and the reactions produced by the 


22“ Treatise on Metamorphism,” p. 1081. 
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contact of solutions with solids, are so interrelated as to make any 
separate study of any of them inadvisable. He further con- 
siders that descending solutions are essentially dissolving in char- 
acter. Being abundant in oxygen, they carry the metals in their 
highest forms of oxidation, and on account of this are peculiarly 
suited for the solution of metals. In particular does he regard 
the work of Stokes®* as of importance in the formation of metallic 
deposits. This author studied the solubility of such metals as 
gold, silver and copper in cupric and ferric chlorides, and found 
that a rise in temperature increased the rate of solution to an 
important degree. On the other hand, a fall in temperature 
decreases the solubility and in some cases even reverses the direc- 
tion of the reaction. Van Hise regards ascending waters, de- 
pleted in oxygen as they are, and of a reducing character almost 
without exception, as the solutions from which metallic deposits 
usually result. It will be well, then, for us to consider next the 
chemistry of platinum from the standpoint of its reduction. 

There has been a large amount of work done upon the reduc- 
tion of platinum compounds to metal by laboratory reagents of 
various types. Most of those agencies, however, which are likely 
to be most active in the formation of metalliferous deposits have 
not been studied. 

Platinum solutions are, on the whole, more difficultly reduced 
than are those of gold. All of ‘those metals which are more 
electropositive than platinum will precipitate it from solution. 
Metallic platinum is not precipitated from acid solutions of its 
salts by such reagents as stannous chloride, oxalic acid and fer- 
rous sulphate. Yet these are counted among the best reducing 
agents for gold known. In neutral or alkaline solution, how- 
ever, the reduction of platinum solutions by ferrous sulphate or 
ferrous hydroxide is complete.** Kessler®® has also found that 
ferrous acetate is a good precipitating agent for platinum solu- 
tions. This may be of considerable importance in the for- 

28 Econ. GEoL., 1 (1906), 650. 


24 Hempel, Ann. der Chem., 107 (1857), 97. 
25 Jour. de Pharm. (3), 11 (1847), 86. 
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mation of platinum deposits. The descending solutions which 
Van Hise considers dissolving in character are, in all probability, 
acid. In the course of their passage through underground chan- 
nels they are almost certain at some time or other to come into 
contact with carbonate rocks and be neutralized by them to a 
greater or less extent. The result of this would, of course, be 
the formation of a platinum deposit. The reducing action of 
carbon itself has already been noted. Such activity indicates the 
possibility, at least, of organic reduction in the precipitation of 
platinum. 

The rdle which adsorption plays in the deposition of platinum 
from solution is more or less questionable. It is well known that 
charcoal adsorbs metals from solutions of their salts, leaving the 
solution acid.**- Jaquet*’ considers that adsorption of the plati- 
num from solutions by kaolin resulted in the Broken Hill, New 
South Wales, deposit. Nagel** considers that a large number of 
metallic ores, of platinum as well as of other metals, owe their 
origin to adsorption processes. 

The question of the effect of heat and pressure upon circulating 
solutions, which Van Hise considers of considerable importance 
in the formation of secondary ore deposits, offers a yet un- 
touched viewpoint. The inactivity of the noble metals and the 
comparative instability of their compounds renders this factor of 
more importance, perhaps, than can be attributed to it in the case 
of the more common metals. Certainly it is conceivable that the 
course of a reaction may be markedly affected by the combined 
effect of heat and the pressure of water vapor. Indeed, reactions 
may take place which are practically unheard of in chemistry 
carried out only at room temperature and atmospheric pressure. 

Lenher*® has shown that the action of the alkali carbonates, 
the alkaline earth carbonates and the carbonates of most of the 
heavy metals upon solutions of hydrochloroplatinic acid is to pre- 
cipitate the hydrated oxide of tetravalent platinum in a state of 

26 de Coninck, C. R., 130 (1900) I551. 
27 Loc. cit. 


28 Kolloid Zeit., 16 (1915), 10. 
29 Private communication. 
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greater or less impurity. This reaction proceeds at 20° with a 
considerable degree of rapidity, differing, of course, with each of 
the different carbonates. The speed of the reaction is accelerated 
considerably by a rise in temperature, as is natural to expect. 
Since underground waters are at all times liable to come into 
contact with carbonate rocks, the question of the stability of the 
hydrated platinic oxide becomes of interest. Then, too, under- 
ground waters, whether of surface origin or not, quite commonly 
contain the acid carbonates of a number of metals. Among the 
more important of these are the bicarbonates of calcium and mag- 
nesium. Whether the salts of these metals have any effect upon 
the stability of the hydrated oxide is a question which must be 
settled prior to the formulation of a theory of secondary platinum 
deposits. 

If platinum is transported in solution as the chloride or, what 
is more probable, as hydrochloroplatinic acid or its derivatives, 
the limits within which such solutions can exist must be defined. 
Accordingly, this study of the chemistry of platinum hydroxide 
and of hydrochloroplatinic acid at high temperature and pressure 
was made with the object of determining, if possible, what the 
trend of the chemical reactions would be in a laboratory apparatus 
which was constructed in such a way as to imitate the mechanical 
processes of nature. 


METHODS OF STUDY. 


A pparatus—The apparatus used in this work consisted of an 
electrically heated furnace, a chrome vanadium steel bomb and a 
nickel-nichrome thermocouple with potentiometer for the meas- 
urement of temperature. 

The bomb was of the general type of the Morey bomb.*° Both 
the bomb and heating apparatus used have been previously de- 
scribed.** 

The nickel-nichrome thermocouples used were standardized 
against a platinum-platinum rhodium thermocouple, then stand- 

30 Jour. Am. Chem. Soc., 26 (1914), 215. 


81 Morris, Jour. Am. Chem. Soc., 40 (1918), 917. Lenher, Econ. GEou., 13 
(1918), 161. 
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ardized against each other, and finally checked by determining the 
boiling point of water, the boiling point of naphthalene and the 
boiling point of sulphur. A correction was made in each case for 
the temperature of the cold junction which was maintained at 
room temperature. 

It was found that the difference in temperature between the 
inside of the bomb and the thermocouple in its normal position 
was within the limit of experimental error, i.c., less than 5° C. 

Method of Experimentation—Before each experiment the 
bomb was cleaned by means of a brush and distilled water and 
then drained; 25 c.c. of distilled water were put into the bomb. 
The materials under examination (usually 3 c.c. in volume) were 
placed in a quartz tube, which was covered by an inverted crucible 
of the same-material. The whole was placed in the bomb, the 
water on the outside of the tube rising to about one half of its 
height. Closure of the bomb was then effected and heating in 
the furnace begun. The heating up to about 50° below the tem- 
perature of the experiment was quite rapid, after which the rise 
was more gradual. The time of experiment recorded was that 
extending from the beginning of heating to its discontinuance. 
The bomb was allowed to cool in the furnace for about twelve 
hours, at the end of which time it was sufficiently cool to handle. 
It was then opened, the quartz tube removed and the products of 
the reactign examined. 

Preparation of Materials—The water used in all the experi- 
mental work in this paper was distilled from alkaline perman- 
ganate, the first and last portions being rejected. 

Hydrochloroplatinic acid was prepared by dissolving platinum 
in aqua regia, followed by repeated evaporation with hydrochloric 
acid. The residue was taken up in water and a little hydrochloric 
acid, filtered and ammonium chloride added in sufficient amount 
to saturate the solution. Ammonium chloroplatinate was pre- 
cipitated, filtered onto an ashless filter paper, washed with alcohol 
and finally ignited to platinum sponge in a porcelain crucible. 
This product was dissolved in aqua regia and the subsequent pro- 
cedure repeated twice. The platinum sponge thus formed was 
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finally dissolved in aqua regia and converted into hydrochloro- 
platinic acid by evaporation to dryness four times with hydro- 
chloric acid on the sand-bath. The resultant product was taken 
up in water and diluted to such a volume that one cubic centi- 
meter contained 0.1 gram of platinum. 

Platinum hydroxide was prepared by the method of Fremy™ 
by boiling the hydrochloroplatinic acid as prepared above with 
an excess of sodium hydroxide for several hours. In this way, 
sodium platinate, Na,Pt(OH)., was formed. When the solution 
had cooled, acetic acid was added, hydrated platinic oxide being 
precipitated. This precipitate was washed by decantation, the 
settling being aided by centrifuging. Considerable loss was 
caused by the tendency of the hydroxide to revert to the colloidal 
state, but this was apparently unavoidable when complete wash- 
ing was desired. After the wash water showed no test for chlo- 
rides with acid silver nitrate, the product, which was practically 
white in color, was dried in a current of dry, washed air for 
about twenty-four hours. The hydroxide thus prepared was 
readily and completely soluble in hydrochloric acid, in nitric acid 
and in sodium hydroxide. On analysis the content of platinum 
corresponded to the formula H.Pt(OH).. . 

Another sample was prepared which was dried in a current of 
dry, washed air heated to a temperature of 60°—70°. Heating 
was discontinued when the platinum content corresponded to the 
formula PtO..3H.O. This product was deep yellow in color 
and was readily soluble in hydrochloric acid. 

Both products gave negative qualitative tests for chlorine. In 
the flame, however, they gave a flash of yellow which indicated 
that sodium was still present in small quantities. 


HYDRATED PLATINUM OXIDE. 
L. Wohler* has found that the hydrated oxide of platinum 
decomposes in a current of carbon dioxide with the formation of 


82 Ann. chim, phys. (3), 31 (1851), 482. L. Wohler, Zeit. anorg. Chem., 
40 (1904), 423. 
33 Zeit. anorg. Chem., 40 (1904), 423. 
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platinous oxide, more or less hydrated. In turn, the hydrated 
platinous oxide begins to decompose at a temperature of 400°. 
If the experiment is carried out in a current of oxygen at atmos- 
pheric pressure in place of carbon dioxide, decomposition of the 
platinous oxide to metal does not take place until above 500°. 
The rate of dissociation is largely dependent upon the degree of 
hydration of the original compound. 

It was desired to determine the point of decomposition of the 
platinic oxide under the influence of temperature and the corre- 
sponding pressure of water vapor. Accordingly, portions of the 
hydrated platinic oxides corresponding to the formule PtO.. 
4 H.0 and PtO,.3 H.O were suspended in 3 c.c. of distilled water 
in a quartz tube, covered with a quartz lid fitting loosely over the 
top. This was heated in the bomb with 25 c.c. of distilled water 
to various temperatures between 200° and 600°, which were 
maintained for periods varying from eight to forty-eight hours. 

On inspecting the product at the end of an experiment the 
solution was examined to see if any platinum had been carried 
into solution and the residue examined under the microscope. 
Following this, it was treated with hydrochloric acid, allowed to 
settle, and the supernatant solution decanted. More hydrochloric 
acid was then added and the solution boiled for about one half 
to one hour. The residue was then washed by decantation and 
again examined under the microscope. 

It was thought that perhaps the percentage of decomposition 
of the hydroxide could be obtained quantitatively. This proved 
to be impossible for several reasons. In some of the experiments 
microscopic and chemical tests both showed platinum to be pres- 
ent in the residue in three forms, as the more or less hydrated 
oxides of bivalent and tetravalent platinum and as the metal 
itself. In addition to this fact, the platinous hydroxide on treat- 
ment with hydrochloric acid undergoes partial decomposition into 
metal and tetravalent platinum.** The reactions proceed as 
follows: 

Pt(OH).+4HCIl=H.PtCl, + 2 H.0. 
2 Pt(OH).+6HCI= Pt + H.PtCl, + 4 H.O. 
84 Wohler, Zeit. anorg. Chem., 40 (1904), 460. 
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This reaction, Wohler says, is not quantitative. Because of 
these two facts the data obtained was indicative, but certainly not 
quantitative. 

In the first series of experiments upon the decomposition of 
platinum oxide the hydrate with a platinum content correspond- 
ing to the formula PtO..3 H.O was used. 

It was found that at temperatures below 375° the reduction of 
the platinic oxide had only proceeded to a slight extent in the 
course of eight to ten hours, giving some black platinous oxide. 
The amount of metal formed was negligible. When the tem- 
perature was increased to 410°, however, a small amount of metal 
was found to be present, together with some platinous oxide. 
From this point a rise in temperature caused increased production 
of the amount of metal present, without increasing the platinous 
oxide by a corresponding amount. At 487° reduction to metal 
had proceeded to the extent of about 80 per cent. to 85 per cent., 
the remainder of the residue being mostly the black oxide. At 
507° reduction had proceeded to such an extent that the residue 
was practically insoluble in hydrochloric acid, 5 per cent. going 
into solution. 

An experiment was then carried out at a temperature of 390°, 
and extending over a period of forty-eight hours, to see whether 
further heating would affect the course of the reaction. The 
experiments extending over 8 to 12 hours at this temperature 
were the first to show a reduction to metal. On examination it 
was found that the residue consisted of about 90 per cent. plati- 
num, a mixture of sponge and larger crystals. The remainder 
was mostly platinous oxide. 

A second series of experiments was conducted in which the 
white platinic hydroxide was substituted for the yellow and its 
decomposition under the influence of heat and pressure studied. 
Its platinum content indicated that its composition was PtO..- 
4 H.O. 

When this material was suspended in water and heated under 
the pressure of aqueous vapor to 360°, it took on a brown color, 
but was practically unreduced. When the temperature was raised 
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to 410°, however, the residue, which was still brown, contained 
a small amount of the black oxide, PtO, as well as several crystals 
of metal. As in the case of the yellow hydrated oxide, a rise in 
temperature caused increased reduction of the platinic oxide. 
The ratio of production of metal and of lower oxide was also 
similar to that found with the yellow hydrate. At 460°—470° 
the amount of platinum present in the residue had become con- 
siderable, in several experiments amounting to over 50 per cent. 
of the total. The remainder consisted largely of the black oxide, 
PtO. At temperatures of 516° and above reduction was com- 
plete, as shown by the appearance of the residue under the micro- 
scope and by solubility tests with hydrochloric acid. In one ex- 
periment a maximum temperature of 536° caused the reduction 
of only about 90 per cent. of the platinum to metal, but water 
was lost from the bomb during the experiment. 

In the series of experiments carried out over longer periods of 
time than the usual twelve-hour run it is seen that the effects 
obtained in the shorter runs were only accentuated. In a single 
case at 347° there was considerable reduction of the tetravalent 
oxide, both to PtO and to a lesser extent to metal. This was by 
no means complete, however. Forty-eight hours’ heating caused 
practically complete reduction. No difference in the behavior of 
the platinic oxide of different degrees of hydration could be 
noted. 

Effect of Magnesium Chloride.—In view of the fact that pure 
platinum hydroxide is a practical impossibility outside of the 
laboratory, the effect of various chlorides upon its decomposition 
was tried. As types of the chlorides most likely to be met with 
in geological processes, magnesium chloride, calcium chloride, 
sodium chloride and manganous chloride were used. 

By heating the platinic oxide, both the yellow and white 
hydrates, with solutions of magnesium chloride, it was found that 
the point of decomposition was considerably lowered. Slight 
reduction was noted as low as 250°, while at 350° reduction had 
proceeded to an extent not found with the oxide alone at 450°. 
At this temperature (450°) the presence of the magnesium chlo- 
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ride caused complete reduction of the oxide to metallic platinum. 
The difference in the degree of hydration of the oxide can 
scarcely be said to exert any very important influence upon the 
extent of reduction. 

Effect of Calcium Chloride ——Further experiments were con- 
ducted in which calcium chloride was substituted for the mag- 
nesium chloride. A series of tests were carried out designed to 
determine the effect of the presence of this reagent upon the de- 
composition of platinic hydroxide. At 338° there was no reduc- 
tion of the sample, though it did become brown in color through 
dehydration. At 398° reduction became apparent, a small 
amount of metal appearing in the residue. From this point on 
an increase in temperature caused increased reduction, as would 
be expected. The presence of the calcium chloride, therefore, 
exerted little effect, either positive or negative, upon either the 
extent or the rate of the decomposition of the platinic hydroxide. 
The series of results obtained were practically identical with 
those obtained for the hydroxide alone. In the experiments 
where the hydroxide alone was heated the platinum was in the 
form of very minute crystals. With calcium chloride present, 
however, the crystals formed at 463° and 565° were acicular 
and larger. 

Effect of Sodium Chloride.—A series of experiments was con- 
ducted to determine the effect of sodium chloride upon the de- 
composition of the hydrated platinum oxide. At 300° there was 
no evidence of reduction having taken place. At 364°, however, 
the presence of the sodium chloride caused a slight reduction to 
the lower oxide. At 390° this had become appreciable. At 403° 
there were traces of metal present. At 448° the residue con- 
tained both oxides of platinum and the metal itself, all in con- 
siderable quantity. At 500° a large amount of platinum had 
crystallized out on hydrated quartz, scaled off from the tube. At 
550° the reduction to metal was practically complete. 

Effect of Ferrous Chloride.—Several experiments were con- 
ducted in which ferrous chloride solution was heated to tempera- 
tures of 308° and 348° in contact with the hydrated platinic 
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oxide. In both cases considerable reduction, both to metal and 
to the lower oxide, took place. Reduction at this temperature 
was by no means complete. 

Effect of Manganese Chloride—Following this, manganous 
chloride solution was heated in the bomb with the platinic oxide. 
Since manganese dioxide and sodium chloride solutions at high 
temperature act as a solvent for platinum, it was thought that 
this might prove of considerable interest. It was found that a 
twelve-hour heating at 342° accomplished practically nothing 
except the partial dehydration of the hydrated platinic oxide. 
At 395° the amount of reduction was quite appreciable. At 445° 
there was little reduction to the lower oxide and practically none 
to metal. When the hydroxide alone was heated to this tempera- 
ture, reduction had proceeded to the extent of about 50 per cent. 
At a temperature of 520°, while the amount of platinum was 
considerably increased, reduction was comparatively slight and 
certainly by no means complete. The manganous chloride, it is 
seen, acted in such a manner as to decrease the rate of decom- 
position of the pure hydrated oxide. 


HYDROCHLOROPLATINIC ACID. 


The widespread distribution of chloride-containing waters and 
their marked solvent action upon metallic platinum, especially at 
high temperatures, have led to the conclusion that platinum is 
probably transported in nature as the chloride. Presumably this 
is true in a large number of cases. It has been shown that in 
those experiments in which platinum was dissolved it was present 
in solution as platinic chloride or as one of its double salts. A 
study of hydrochloroplatinic acid was made, therefore, with a 
view to defining the limits of its stability. Such information 
should be of value in the study of the process of precipitation in 
nature. 

Wohler and Streicher*® made a study of the stability of the 
various chlorides of platinum. If hydrochloroplatinic acid be 
heated in chlorine at atmospheric pressure, it first loses hydro- 

35 Berichte 46 (1913), I59QI. 
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chloric acid and is converted into platinic chloride. Above 374° 
this compound loses chlorine and the platinum becomes trivalent. 
At 435° platinous chloride, PtCl., is the stable phase, while above 
583° none of the chlorides exist. These workers have also de- 
scribed a chloride of monovalent platinum existing over a range 
of only about 2° C. between 581° and 583°. . 

It was, however, desired to study the subject under conditions 
more nearly approximating those which we would meet in ore 
deposition. Hydrochloroplatinic acid of such a strength that 
each cubic centimeter contained ten milligrams of platinum was 
heated in a quartz tube in the steel bomb to various temperatures 
between 130° to 550°. The hydrochloroplatinic acid used was 
acid to litmus and reacted with sodium carbonate, evolving car- 
bon dioxide. In each experiment 25 c.c. of distilled water were 
placed in the bomb. 

It was found that at a temperature of 130° practically no re- 
duction of the solution had taken place in the course of twelve 
hours. At 147°, however, a slight reduction was perceptible, but 
by far the larger portion of the solution was unacted upon. 
When a temperature of 165°—169° was reached, however, reduc- 
tion proceeded almost to completion in twelve hours. At 170°— 
173° only a trace of platinum remained in solution at the end of 
the experiment. At all higher temperatures reduction to metal 
was complete. In these experiments, carried out at low tempera- 
tures, the larger portion of the platinum thrown out from solution 
appeared as a gray sponge, though acicular crystals and thin 
plates were found in several cases. 

Experiments were then conducted to determine the effect of even 
higher temperature and pressure upon the reduction of solutions of 
hydrochloroplatinic acid. When heated to a maximum tempera- 
ture of 265°, reduction was complete, and ‘as in the previous ex- 
periments, the greater portion of the platinum was thrown out as 
gray sponge. Floating on the surface of the solution, however, 
there was a small amount of platinum distinctly metallic in ap- 
pearance. A rise in temperature to 314° produced a large num- 
ber of very finely divided platinum crystals. An apparently in- 
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explicable result was obtained when it was found that at 319° 
reduction to metal was incomplete. It was found, however, that 
iron was present in the solution. Later experiments showed that 
ferric chloride retards the precipitation to a very considerable 
degree. The iron was derived from some of the bomb scale 
which had accidentally fallen into the tube. The hydrochloro- 
platinic acid, heated to 350° for about eight hours, was reduced 
and gave a residue of finely divided platinum, some of which 
showed octahedral crystal faces under the microscope (magnifi- 
cation of 225 diameters). At 395° octahedral crystals were 
formed along with cubo-octahedrons. Crystals were acicular in 
all experiments carried out at or near 400°. In one case this 
took the form of a flat metallic plate. In an experiment carried 
out at 412° a piece of magnetite fell from the bomb into the 
quartz tube. Reduction was complete. The platinum was found 
to be plated out upon the magnetite in minute octahedral crystals, 
the triangular faces of which could be readily distinguished under 
the microscope. In all the experiments described thus far there 
was always a considerable amount of gray sponge present. 
When the temperature was raised to 545° practically all of the 
platinum was present as metallic-appearing material. It showed 
triangular faces under the microscope, but no crystals were suf- 
ficiently large and well defined to show the octahedral form. 
Effect of Calcite—The stability of pure hydrochloroplatinic 
acid having been studied, experiments were conducted to show 
the effect of various substances upon its stability. It is recog- 
nized that pure hydrochloroplatinic acid is a geological impossi- 
bility. The first contact with rocks basic in character would 
convert it into one of its derivatives. The question of the action 
of minerals and of those substances likely to be present in natural 
waters becomes of especial importance. And from all the variety 
of minerals likely to be met with the carbonate rocks stand out 
as presenting the most fertile field for investigation. The reac- 
tions of the carbonates of calcium, magnesium, ferrous iron and 
manganese with hydrochloroplatinic acid at high temperatures 
and pressures were accordingly studied. These carbonates were 
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selected because they are the most abundant in nature and are at 
the same time representative of the class. 

Experiments were conducted using calcium carbonate (iceland 
spar) and hydrochloroplatinic acid. Carbon dioxide was evolved 
in the reaction of the two. ; 

When the calcite and hydrochloroplatinic acid were heated to 
a temperature of 150°, the calcite crystal was covered with a 
coating of the brown platinic hydroxide. This coating carried 
a very.small amount of finely divided platinum. At 288° the 
characteristics of the crystal, on removal from the bomb, had 
changed little, there being a somewhat larger amount of metal 
present than before. Ata temperature of about 340° there was 
only a small amount of the brown hydroxide left, and the crystal 
in each experiment was covered with a black coating upon which 
were deposited minute crystals of platinum. In some cases these 
were in patches and in some they were well distributed over the 
surface of the crystal. More and more metallic-appearing plat- 
inum appeared in successive experiments as the temperature was 
raised. On heating the calcite and hydrochloroplatinic acid to 
443° the calcite crystal became covered with a coating of the 
black material, but this was completely obscured by the crystalline 
platinum plated out upon it. The crystals of platinum were very 
small, but showed the faces characteristic of octahedra and cubes. 
Some leaflets were found also. At higher temperatures the 
effect was merely accentuated. 

In order to determine the composition of the black coating on 
the calcite, it was extracted with dilute hydrochloric acid and the 
solution decanted. This left the shell only, the calcium carbonate 
having dissolved. Extraction with hot concentrated hydrochloric 
acid did not affect the deposit, even though continued for hours. 
It was, however, completely and readily soluble in aqua regia, 
showing it to be platinum. 

It was found that the concentration of the solution of hydro- 
chloroplatinic acid had practically no effect within the limits of 
0.03 per cent. and 3 per cent. of platinum. 

Effect of Magnesite—Experiments were then conducted in 
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which magnesium carbonate was substituted for the calcite. It 
was found that the precipitated carbonate disintegrated so rapidly 
as to leave only a powder in the tube at the end of the experiment. 
Accordingly, a grade of very pure magnesite was selected and 
used throughout the following work. 

On heating a crystal of magnesite with a solution of hydro- 
chloroplatinic acid containing 1 per cent. of platinum to a tem- 
perature of 198°, the crystal was found to have a coating of 
brown platinic hydroxide, together with a not inconsiderable 
amount of platinum as metal. At 269° the coating was brown, 
darker in color, due to dehydration, and contained much black 
material. There was little metallic-appearing material present. 
Treatment with hydrochloric acid dissolved out the magnesite 
and the brown hydroxide, leaving a black powder and some crys- 
talline platinum. The black powder was readily soluble in aqua 
regia, dissolving even before the crystals, showing it to be plati- 
num. At 349° the coating upon the crystal was still dark brown, 
but carried considerable of the black as well as crystalline plati- 
num. The crystals of platinum were acicular. At 377° the 
entire coating upon the crystal appeared to consist of platinum, 
both as crystals and as the black amorphous powder. Some 
platinum could be extracted with hydrochloric acid, showing that 
reduction was not complete. The results obtained at tempera- 
tures of 418° and 442° were very much the same. When the 
materials were heated to 490° the coating contained rather more 
of the crystalline form of platinum. 

Effect of Rhodochrosite-—Selected crystals of a particularly 
pure sample of rhodochrosite were substituted for the magnesite 
and heated in the bomb with hydrochloroplatinic acid to tempera- 
tures ranging from 140° to 550°. At the lower temperature the 
platinum was precipitated upon the rhodochrosite crystal, but no 
evidence of reduction could be obtained. At 194° the coating 
was brown, somewhat darker than before, and contained some 
minute crystals of platinum, well distributed. At 277° the brown 
coating contained more metal, but had the same characteristics as 
the previous specimen. At 301° the coating had become black 
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and carried a very considerable amount of crystalline platinum. 
At 425° one experiment gave a brown coating with minute 
crystals of the metal distributed throughout the mass. However, 
attempts to duplicate this failed, and at 438° the coating on the 
crystal was black and carried platinum as minute octahedral crys- 
tals. The black coating was insoluble in hydrochloric acid, but 
the insoluble portion dissolved readily in aqua regia, showing it 
to be platinum. At 553° practically all of the platinum was 
thrown out on the rhodochrosite as minute crystals.” 

Effect of Siderite——The effect of the presence of ferrous car- 
bonate upon the decomposition of hydrochloroplatinic acid was 
next studied. To this end a sample of siderite was used which 
contained a small amount of siliceous material. At 313°, asa 
result of heating for twelve hours, the crystal of siderite had a 
coating of black upon which was a considerable amount of 
metallic platinum. The amount of platinum present when a tem- 
perature of 347° was reached had increased, and at 380°-385° 
the siderite carried a coating of metal which practically com- 
pletely covered it. The crystal faces of octahedra could be 
plainly distinguished. Higher temperatures merely accentuated 
this effect, the platinum being better crystallized. In each case 
reduction was complete. 

Effect of Serpentine-—Due to the fact that platinum often 
occurs with serpentine, it being a basic rock, several experiments 
were carried out to determine its effect upon the decomposition 
of hydrochloroplatinic acid. It was found that the platinum, as 
it was plated out at temperatures ranging from 192° to 254°, took 
the fibrous form of the serpentine. In each case the solutions 
gave positive tests for magnesium and negative tests for platinum. 

Decomposition of Chloroplatinates—A series of experiments 
was carried out in order to study the decomposition of some of 
the chloroplatinates in the same manner as that of platinic hy- 
droxide and hydrochloroplatinic acid had been determined. For 
this purpose the salts of sodium, calcium and magnesium were 
selected. 

The salts were prepared by adding equivalent amounts of pure 
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sodium hydroxide, calcium hydroxide and magnesium oxide to 
a solution of hydrochloroplatinic acid and evaporating the re- 
sultant solution to dryness. The salts were then dissolved in 
water and recrystallized, after which they were again dissolved 
and diluted with sufficient water to make a solution, one cubic 
centimeter of which contained ten milligrams of platinum. 

A solution of sodium chloroplatinate thus prepared was heated 
in the bomb under the pressure of water vapor to various tem- 
peratures between 229° and 460°. At the lower temperature 
reduction was practically negligible. The amount of reduction 
increased, however, with a rise in temperature until at 394° de- 
composition to metallic platinum was complete. Reduction at 
higher temperatures was complete, the platinum in general assum- 
ing a more perfect crystalline form. 

Similar experiments were conducted in which the chloroplati- 
nates of calcium and magnesium were substituted for that of 
sodium. In both cases it was found that decomposition was 
complete at about the same point as was that of the sodium salt. 

Several experiments were carried out in which hydrochloro- 
platinic acid and ferric chloride were heated together in the bomb. 
The ferric chloride solution used contained about 200 grams per 
liter. It was found that the presence of ferric chloride raised 
the decompoajtion point of hydrochloroplatinic acid to a very 
marked degree. 


DISCUSSION OF RESULTS. 


The marked solubility of platinum in solutions of ferric and 
cupric chlorides renders the theory of platinum transportation by 
chloride waters entirely plausible. When heat and pressure are 
applied hydrochloric acid alone or even the alkali chlorides in 
the presence of an oxidizing agent exert a significant solvent 
action on the metal. 

A study of the decomposition of hydrochloroplatinic acid under 
the influence of temperature and pressure shows it to be a most 
unlikely medium of transportation, decomposition being complete 
at 175° in twelve hours. Decomposition proceeds at much lower 
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temperatures, but more slowly. The salts of this acid, the chioro- 
platinates, however, are much more stable compounds and are 
capable of existing up to about the critical temperature of water, 
370°. They form, presumably, the media by which platinum is 
transported in chloride solution. 

Hydrated platinic oxide, so easily formed by contact of the 
chloroplatinate solutions with carbonate rocks, is a very stable 
compound. Decomposition of the pure material is only apparent 
in twelve hours at 390°. The rate of decomposition at consider- 
ably higher temperatures is rather slow. The presence of the 
chlorides of sodium and calcium has little effect upon the decom- 
position. Magnesium chloride, however, exerts a very marked 
effect in lowering the point of decomposition. Morris** observed 
a similar effect in his study of auric hydroxide. Cribb* has 
shown that magnesium chloride solutions, when heated in a sealed 
tube, are hydrolyzed with the formation of the oxide and hydro- 
chloric acid. In the experimental work on platinic oxide and 
magnesium chloride this hydrochloric acid would dissolve the 
platinic oxide, forming hydrochloroplatinic acid. This is decom- 
posed at lower temperatures than is the hydrated oxide. In this 
way the action of magnesium chloride can be explained. The 
action of manganese chloride was to appreciably decrease the 
rate of decomposition. 

When various carbonates were added to hydrochloroplatinic 
acid and heated under pressure, impure hydrated platinic oxide 
was first precipitated upon the crystal. The action of the heat 
and pressure then decomposed the oxide, metal being deposited 
upon the crystal as a coating. In this way some excellently 
plated specimens were obtained. In agreement with preceding 
experiments, magnesite and siderite required lower temperature 
for reduction, while rhodochrosite required higher temperature 
than did calcite. The effect of contact of chloroplatinate solu- 
tions with carbonate or basic rock is at once evident. The 


36 Loc. cit. 
37 Analyst, 25 (1900), 160. 
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hydrated oxide would be formed, to be subsequently reduced by 
some agency such as heat and pressure or reducing solutions. 


SUMMARY. 


A discussion of the formation of secondary platinum deposits 
is presented. 

Platinum is readily soluble in various chloride solutions, espe- 
cially when heat and pressure are applied. Ferric chloride and 
cupric chloride dissolve platinum at atmospheric pressure, but 
much more rapidly at 160°. Sodium chloride and manganese 
dioxide, and even hydrochloric acid, are solvents at that tem- 
perature. 

Reduction of hydrated platinic oxide to metal under the pres- 
sure of aqueous vapor is perceptible in twelve hours at 390°. At 
525° reduction is complete. The reduction proceeds in two 
steps, the lower oxide, PtO, being first formed. 

Sodium chloride and calcium chloride do not appreciably affect 
the temperature or speed of reduction of hydrated platinic oxide. 
With magnesium chloride, however, reduction to metal takes 
place at a temperature 80°-90° below that necessary for the re- 
duction of the pure oxide. Manganese chloride decreases the 
rate of decomposition very appreciably. 

Reduction of hydrochloroplatinic acid solution is complete at 
175° in twelve hours. Some reduction took place at a tempera- 
ture of 147°. 

The reaction of carbonates and hydrochloroplatinic acid at 
high temperatures and pressures takes place in two steps. A 
more or less impure hydrated platinic oxide is first thrown out 
upon the carbonate. This is then reduced by the action of heat 
and the pressure of aqueous vapor to metal. The temperature 
of reduction varies with the carbonate used, being lowest with 
magnesite and siderite, and highest with rhodochrosite. 

Platinum is thrown out of hydrochloroplatinic acid upon ser- 
pentine and takes the fibrous form of the serpentine. 

Ferric chloride added to hydrochloroplatinic acid solution pre- 
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vents any reduction to metal at a temperature over 100° above 
the point of complete decomposition of the acid alone. 

Solutions of sodium, calcium and magnesium chloroplatinates 
are completely decomposed at a temperature of 370° in twelve 
hours, about that of the critical temperature of water. 

The writer wishes to express his appreciation to Professor 
Victor Lenher, under whose inspiring direction this work was 
carried out. 

Dept. OF CHEMISTRY, 


UNIVERSITY OF WISCONSIN, 
Mapison, WIs. 








EDITORIAL 


ONE DUTY OF THE ECONOMIC GEOLOGIST. 


Amorg the useful functions of the rhinoceros bird of Africa, 
in fact the one which gives him his name, is his habit of warning 
the rather phlegmatic rhino of the approach of danger. The 
ability of this bird to detect danger ahead of his ward is doubt- 
less due to his greater alertness, his keener sense of sight, and to 
the fact that he lives higher up in an environment more con- 
ducive to observation than the rivers and mud holes of the 
jungle. 

There are two very marked divisions in the operation of min- 
ing in its broader sense. One has to do with the finding of the 
substance, the other with its recovery and use. The economic 
geologist has problems in both divisions, but those of the first 
division are peculiarly his own. His is the work of exploration; 
he is the trained prospector of the mining industry. Being re- 
sponsible for the raw material he must keep a safe reserve ahead 
of development. When he sees this reserve becoming perilously 
low, it is his duty to warn his clients or industry, as the case 
may be, of the impending disaster of exhaustion. In other 
words, he should be the “rhinoceros bird” of his organization 
no matter what his other duties. 

Most people are inclined to treat those things with which na- 
ture has provided us as inexhaustible in quantity, especially if 
they are hidden in the earth. And indeed the conclusion cannot 
be deemed illogical in view of the vastness of the earth as it is 
conceived by the lay mind. Have not their ancestors been draw- 
ing on the supply continuously for countless years without appar- 
ent exhaustion? Certainly! How then can we blame them for 
scoffing at the idea of limited resources and the necessity for 
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their conservative use? We cannot if they are a part of the 
unthinking horde. 

However, to those who study our modern civilization with its 
intensive industrial developments which conscripts vast quantities 
of raw materials to its use, it soon becomes apparent that many 
of the substances which are taken from the earth must in time 
be exhausted, at least in so far as their recovery in commercial 
quantities is concerned. The depleted gas fields of Indiana, 
where gas was wilfully wasted for years, is a good illustration 
of this point. 

It is the duty, therefore, of those who specialize in the study 
of our natural resources, to take stock of our reserves from time 
to time, that they may plan our industrial development to fit 
conditions as they are and not as we should like to have them. 
The work of the War Minerals Board in bringing before the 
country the true status of some of our natural deposits, was a 
striking illustration of the type of service to which I refer. 
Some of its conclusions were startling, to say the least. Its 
report disclosed that in the case of certain substances which we 
wholly or partly import, we possess enough in our domestic de- 
posits to supply our own demand for generations, if the recovery 
of these substances is stimulated by reasonable protective tariff 
or other means. On the other hand, it was pointed out that 
some of the minerals which are found in commercial quantities 
in our own country are so limited in total occurrence as to render 
their peace-time exploitation extremely improvident if we wish 
to keep an adequate national emergency reserve. These facts 
would not have been uncovered were it not for the work of the 
economic geologists connected with the war service boards. 

Another branch of mining, namely, the oil and gas industry, 
offers an illustration of two of our wasting assets that have been 
subject to a prodigal use and are still subject to much abuse in 
spite of the warnings sounded by those private and government 
geologists who have dared to face the ridicule of the operators 
and even some of their own profession. It is true that the 
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quantitative estimates have varied and have as a rule been re- 
vised upward as more and more data became available, but still 
in the main the effort to bring home the limited character of our 
oil and gas deposits to both those who produce and utilize these 
substances, seems fully justified by the trend of events. In the 
case of the most prolific of the Mexican oil fields, a great saving 
of both oil and investments would have been accomplished had 
the warnings of the economic geologist been heeded. 

The present cooperative effort of the United States Geological 
Survey and the American Association of Petroleum Geologists 
toward a quantitative appraisal of the oil reserves of this country 
is certainly to be commended, and the new method which they 
are adopting of classifying the estimates according to the ac- 
curacy of the data on which they are based, is a step in making 
the estimates more dependable and useful. 

In view of the good that has been accomplished in the past 
through the work of experts in pointing out, either quantitatively 
or abstractly, the limits of our mineral or other natural resources, 
it seems almost superfluous to attempt a justification of these 
efforts or to suggest that it is not only the right of the economic 
geologist but his duty to make such estimates and statements 
as will safeguard the proper recovery and utilization of our 
wasting natural assets. 

RALPH ARNOLD. 








DISCUSSION 


This department has been established by the editors in order to afford tc 
those interested in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
Sheffield Scientific School of Yale University, New Haven, Conn. The full 
name of the author should be attached to all communications. 


THE PROFESSION OF ORE HUNTING.* 


Sir: Mr. Locke’s scholarly and important paper on this sub- 
ject, which was published in Vol. XVI., pp. 243-278, 1921, of 
your journal, should evoke much discussion from members of 
the ore-hunting profession. That economic geology would profit 
by an infusion of scientific blood devoted to research cannot be 
gainsaid. There is most certainly room for such men who can 
add to the assortment of tools which the “applier type,” the 
staff geologist, must use in his daily work. The burden of 
proof that the pure scientist can furnish such tools, and tools 
which will work, rests upon him. The possibility that valuable 
results will be obtained justifies the expense of the experiment. 
The “inventor type” will surely add to the storehouse of em- 
pirical facts from which may be inferred universal propositions 
or apriorisms which may be applied, with a grain of caution per- 
haps, to new problems by the staff geologist with his less cre- 
ative mind and his more limited opportunity for experiment. 
That the average staff geologist is typically an apriorist is only 
in one sense true. No man who is actively planning development 
work with the object of finding ore can long hold his job on 
purely deductive reasoning. Huxley is quoted as defining a 
tragedy as a beautiful theory killed by a nasty ugly little fact. 


1 This discussion has had the benefit of Mr. Ira B. Joralemon’s criticism. 
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Any round of holes may bring such a tragedy into a geologist’s 
life. The succession of such tragedies, that is the usual lot of 
the mine geologist, tends to soon change him into a rank empiri- 
cist with a weather eye always open for the next nasty little 
fact. 

In his discussion of the relative merits of deductive and in- 
ductive reasoning, Mr. Locke does not clearly bring out the 
integral interdependence of the two methods. In attempting 
to reason from particular instances to a universal proposition 
we reach only a rude, inconclusive generalization unless we as- 
sume as basis of the whole inductive process some postulate 
which has real universal significance. For example, many in- 
stances have been observed where the oxidation and leaching of 
disseminatéd primary sulphide bodies, lean in copper, have re- 
sulted in a chalcocite-enriched zone at depth. That such an 
enriched zone will always be found, the contributing causes being 
the same, may be inferred only if we assume the principle of the 
universality of nature. This principle is the apriorism which 
links inductive to deductive reasoning. When such a universal 
principle has been formulated it becomes a major premise from 
which deductions may then be made. The hazards of pure in- 
ductive reasoning are many and dangerous. Our experience is 
always necessarily limited. Furthermore exceptions are almost 
always encountered in the enumeration of instances. Whether 
they are accidental or essential is often impossible of determina- 
tion. It has been urged against perfect induction that it affords 
no new information and therefore its results are not valuable. 
The process of reasoning most universally used is combined in- 
duction and deduction. As Mr. Locke says, the ideal mining 
geologist is the apriorist who, half empiricist, will constantly 
challenge his thoughts and measure them against observed con- 
ditions. But what geologist with an ore-finding record does 
not do this very thing? 

It is only too true that many able men have been eliminated 
from the ore-hunting profession by the process of decantation, 
as Mr. Locke calls it. To the staff geologist too often “life is 
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like time spent in a railroad station waiting for a train that is 
indefinitely late and whose destination is unknown.” To at- 
tract the clear-thinking, imaginative, enthusiastic type of man, 
the apriorist-empiricist of Mr. Locke, the job must be made 
really interesting. It must be made more than interesting. Carle- 
ton Parker says that the dissatisfaction and unrest of the other- 
wise normal man is due to instinct balking. One of the pri- 
mordial instincts is that of achievement, another that of excell- 
ing one’s fellows, a third, home making. An occupation to be 
satisfying should make at least these three instincts capable of 
gratification. Responsibility will gratify the first. Where real 
responsibility in planning and directing development is given to 
the staff geologist the right man thrives and grows. The satis- 
faction of watching the stuff his dreams are made of metamor- 
phose into important orebodies compensates to a large extent for 
the small pecuniary reward, which is usually lower than that re- 
ceived by men of similar training and ability in other profes- 
sions. Where the routine of local underground study is alloyed 
with inspection trips to other mines and districts and the op- 
portunity given to test his apriorisms and empiricisms in the 

crucible of exploring prospects with real money the job becomes 
- still more interesting. Appreciation and encouragement of good 
work with an adequate reward, usually taking the form of in- 
creased pay or a financial share in the prospects developed, will 
satisfy the second instinct. The gratification of the third, that 
of home making, is almost if not quite impossible to the average 
“scout” geologist. The ideal combination of attributes of a 
satisfying staff position from the psychological point of view 
would include enough responsible, local work to make home life 
possible with a happy admixture of enough work and study in 
other mines and districts to furnish mental stimulus. The geol- 
ogist would thereby gain a wide knowledge of the vagaries of 
ore occurrence in many districts and incidentally avoid the in- 
tellectual stagnation and the resulting mediocrity inevitable to a 
routine job of long duration. Such positions are not common in 
the present scheme of things. The “applier,” the staff geologist, 
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is, however, an integral part of most mine operations today and 
he is destined in the future to become an even more important 
part of it. An effort should be made to attract and hold the 
able man and the job sketched above would do it. 

If facts and theories are a geologist’s tools his map is his 
work-bench on which he uses them. What the essential features 
to be emphasized in mapping really are is unfortunately only 
too rarely known. If “the questions that have been asked,” 
those which are directly applicable to the problem of finding ore, 
have been. clearly and definitely determined, they alone should 
be included. Ususally, however, it is only after all details, no 
matter how apparently insignificant, have been mapped, cor- 
related, studied and sorted out that such selection can be made. 
Even then new information may transfer to the significant 
class questions which have been overlooked. The aspect of the 
operating mine is continually changing. Ideas should similarly 
be in a perpetual state of flux. It is only in an exhausted mine, 
never in an embryo one, that certain features can positively be 
determined as the only ones which are related to the ore occur- 
rence. It may be true that a complicated mixture of andesite and 
monzonite may mess up an otherwise clean and artistic map. 
But if exploration at some future time shows unmistakable evi- 
dence of mineralization in the latter for which the former is ob- 
viously responsible it may be of immense value to have at hand 
the information which will enable the geologist to start a drift 
after the elusive orebody on the contact of the two. After a 
belated recognition of the importance of this contact comes, 
caved ground or a tightly lagged drift may make it expensive or 
impossible to determine it. Careful mapping should come im- 
mediately after the ground is opened and it is hard to load a 
map with too much detail. Nothing is more dangerous nor more 
common than the habit of making snap judgments as to the im- 
portant features, particularly in the application of as inexact 
a science as geology to the problem of finding ore in a mine 
where every round of holes reveals something new, sometimes 
brutally upsetting long-cherished pet theories. Two or more sets 
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of maps are often justified. One, the working map, should be 
loaded with answers to questions that perhaps have never been 
asked. Another, the “caricature,” may emphasize such features 
as appear at the time to be significant, or even certain specific 
phases of the problem, as for instance structure to the exclusion 
of mineralization. Such a map is usually found to be of espe- 
cial value for reference. 

Similarly, the use for which a report is intended will determine 
its scope. In many instances a report is part of" an inventory 
record of the prospects in a district. As such it should contain 
such condensed information as might at some other time be use- 
ful. A man, working for clients interested only in large copper 
mines, might stumble on a prospect which had a chance of mak- 
ing a small tungsten mine. An exigency like the world war might 
conceivably change his clients’ interest so that the geologist 
would be warranted in briefly outlining in his report whatever 
possibilities the property might possess. Most prospects unfor- 
tunately have scant merit and should for commercial purposes 
be handled in a cruelly brief manner. Where more valuable 
properties are concerned Mr. Locke’s suggestion that extraneous 
information, not of direct application to the main argument, be 
included in an appendix is an excellent one. 

One of the most serious and prevalent indictments of the 
work of the examining geologist is his aversion to committing 
himself to a definite, concise, specific recommendation. He is 
often too prone to protect his reputation and his all too well 
realized inexact knowledge behind a camouflage of alternate pos- 
sibilities. Mr. Locke suggests that the degree of doubt should 
be definitely, almost mathematically, emphasized. Most geo- 
logic phenomena with their extremely complex antecedents pre- 
sent problems with which even the methods of inductive inquiry 
cannot deal with arithmetical accuracy. Observation is unfor- 
tunately not far reaching enough to furnish the data for the 
problem’s solution. Even if it were, our methods of computa- 
tion are not adequate where so many and so complex factors 
are involved. The inventor geologist may determine the prob- 
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able causal connection, yet other contributing circumstances may 
neutralize the operation of the cause. The question of proba- 
bility involves the study of so many more cases than is possible 
in the span of one human life that only the barest approxima- 
tion of the ratio of frequency can be arrived at. Can it not 
better be expressed adverbially than numerically? Thus we say 
a thing is remotely possible or quite possible or extremely pos- 
sible. The degree of doubt cannot rationally be applied more 
closeiy to the average prospect. The property may be classified 
as 

i. Worthless, i.e., there is no chance that it contains ore of 
economic value. 

2. It may contain mineral that some day may be of commercial 
value. 

3. It may contain mineral that may today be mined ata profit. 

4. It certainly contains mineral that may be mined at a profit. 

Additional flexibility may be gained by applying the adjectives, 
possible and probable, each modified by the adverbs remotely, 
fairly, quite, very and extremely, to the second and third classi- 
fications. It is rare indeed that one may say that the chances are 
one in twenty-five that a given prospect will return twenty-five 
times the invested capital with adequate interest. 

In defense of the controversial spirit is it not true that much 
real information is gained through argument, even heated argu- 
ment if it is kept on a rational basis? The other fellow’s point 
of view is of vast importance and a good healthy controversy 
brings out all the pertinent facts. Of course temperament should 
be subordinated to logic but the more premises that are known 
the sounder the conclusion. In short, beware the man who will 
not argue, for his ideas are likely to be few and infertile. 

To convert an antagonist into an ally is the consummate art of 
diplomacy.? 

The judicial poise of mind which is always tolerant, always sees 
two sides to every question, is only too likely to be expressed in 
vacillation and may yield not only weak conclusions but no 


2 john Grier Hibben, “ The Philosophy of Opposition,” p. 33. 
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conclusions at all. ‘There may be a glow of intellectual ligh. 
but there is a conspicuous absence of fire and driving power— 
of intensity of conviction.” * Clear thinking and a mitic open to 
conviction are of course essential. ‘‘ A foolish consistency is the 
hohgoblin of little minds,” says Emerson. Even apex litigation 
and the resulting controversy between able men who have pains- 
takingly examined and weighed all phases of the situation have 
added many valuable facts to our fund of knowledge. Freua is 


quoted as having said, 


I first became conscious of the values of my discoveries when they 
were met everywhere with resistance and anger. Since that time I 
have judged the value of my work according to the degree of opposition 
it provoked. . . . Perhaps after all the real benefactors of mankind are 
its false teachers for opposition to false doctrines pushes men willy niily 
into truth. 

What a tragedy if Anatole France’s apothegm, “Les savants ne 
sont pas curieux,” were true and new ideas were either mildly 
accepted or calruly ignored by sh 1 vofessions! 

Puitie D, Witson. 

Cuter GEOLOGIST, 

CALUMET AND ARIZONA MINING Co., 
WarrEN, ARIZONA, 


THE VEINS OF COBALT, ONTARIO. 


Sir: Last year in the March number of Economic GEOLOGY 
(Vol. 15, No. 2) Mr. W. L. Whitehead contributed a paper on 
“The Veins of Cobalt, Ontario,” which was adversely criticized 
by Mr. J. B. Tyrrell and Prof. A. P. Coleman in numbers 5 and 6 
of the same year. Inasmuch as Mr. Whitehead was my assistant 
at Cobalt, and his ideas were the same as my own in regard to 
the points on which his paper was criticized, I am constrained to 
come to his defense. 

It must be assumed that the critics did not mean to intimate, 
as might appear from a first reading of their comments, that Mr. 
Whitehead did not speak with the authority of mature observa- 
tion. On his own account as an energetic and able observer, and 


also in voicing my ideas, he spoke with authority. The points 
3 John Grier Hibben, “A Defense of Prejudice,” p. 13. 
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at issue in the discussion are of considerable interest from the 
standpoint of glaciology. Mr. Tyrrell contends that oxidation 
antedating the Pleistocene glaciers is observable in at least two 
places which he mentions; and he expresses the belief that in 
valleys transverse to the glacial movement not only the pre-glacial 
surface may yet be preserved, but even pre-glacial subaérial sedi- 
ments. Prof. Coleman’s contention relates to the Huronian gla- 
ciation. He maintains that the Cobalt Series, consisting of con- 
glomerates and finer sediments, is tillite and not stream detritus 
as suggested by Mr. Whitehead. 

Assuming the correctness of Mr. Tyrrell’s idea, it would follow 
that the rate of flow and the mechanical strength of the glacial 
ice were such that transverse valleys and south slopes might en- 
tirely escape both the abrasive and the plucking actions of the ice 
sheet, while the longitudinal valleys were being deepened. The 
consequence of this must inevitably have been that the laterals 
from longitudinal trunk valleys would be left high and dry as 
hanging valleys on their sides, giving us an unequivocal measure 
of the depth of glacial degradation. This condition, however, 
does not exist. Many longitudinal and lateral valleys are filled 
with till, but there are enough of both kinds of valley exhibiting 
polished and striated bedrock bottoms which are on the same 
grade to throw considerable doubt on the validity of Mr. Tyrrell’s 
contention. In fact, I would not hesitate to state it as a rule that 
from Sudbury to Porcupine the transverse valleys meet the longi- 
tudinal valleys on grade and exhibit polished bedrock bottoms 
almost to the same extent. 

The idea that thousands of feet of rock were removed from 
the surface of this area by Pleistocene glaciers, as intimated by 
Mr. Tyrrell, I am sure can not properly be imputed to Mr. White- 
head. It will undoubtedly be admitted by all students of Cana-. 
dian geology that topographic relief has remained essentially the 
same in Ontario since a considerable period antedating the Pleis- 
tocene epoch, that the country has long been essentially flat in the 
same sense as at the present time, and that oxidation probably 
never extended to notable depths, the water-table having always 
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stood close to the surface. Post-glacial oxidation has, as a rule, 
been quite superficial, penetrating to anomalous depths in rare 
cases where peculiar conditions exist in limited areas. If there 
were any criteria by which to distinguish this from pre-glacial 
oxidation, the situation might be easily cleared; but apparently 
the only evidence lies in the depth of glacial degradation. In 
this connection it is not necessary to assume that a great thickness 
of rock was removed. However, it is worthy of note that the 
topography is chiefly controlled by the underlying structure, a 
fact which is probably due to the tendency of moving ice to pluck 
joint blocks most actively from the walls of outcropping faults, 
and which probably indicates that glacial sculpture was a domi- 
nant influence in the production of the present topography. This 
is also indicated by the numercus rock-rimmed lakes which cover 
the province. There is no difficulty in pointing to regions which 
show the marked topographic influence of faulting in the absence 
of glaciers; but such faults are usually if not always alive, as, for 
example, along the Pacific coast, and particularly in the coastal 
region of California. In Ontario, however, the faults for the 
most part appear to be virtually dead, the phenomenon of rising 
or sinking fault blocks being unrecognized. The physiographic 
influence of the structural lines in Ontario, therefore, is chiefly 
that of lines of weakness to erosion. 

Prof. Coleman’s contributions to pre-Quaternary glaciology 
are well known. Nevertheless his criticism of Mr. Whitehead’s 
conclusions should not pass without comment. Faceted and stri- 
ated pebbles are not hard to find among the present-day stream 
gravels of western British Columbia, whither they obviously 
came from the alpine glaciers upstream. But residual soil of 
pre-glacial age is thus far unreported from the surface over- 
ridden by the Pleistocene glaciers of Ontario; and the till which 
they produced is less in thickness than that produced by the sup- 
posed Huronian glaciers regarded by Prof. Coleman as having 
given rise to the Cobalt Series. Yet from the surface underlying 
these sediments Willet G. Miller and myself have found fossil 
residual soil resting upon a bedrock serrated by secular decay. 
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How could that soil have escaped removal by glaciers capable of 
producing and depositing such great thicknesses of till over such 
a vast area as indicated by Prof. Coleman? 

Mr. Whitehead is asked what sort of streams he supposes could 
have transported great boulders weighing from one to several 
tons such as are found at certain points in the Cobalt Series. I 
doubt whether such boulders are any more plentiful in the Cobalt 
Series than similar boulders in many torrential streams of the 
mountainous West. Nor is Mr. Whitehead’s statement regard- 
ing the remarkably smooth surface of the Keewatin bedrock 
underlying the Cobalt Series at Cobalt to be construed as applying 
to the entire area overlain by the Cobalt Series in Ontario. The 
portion of the contact explored by mine workings at Cobalt is 
comparatively limited, and may easily have been flat and smooth 
while steep slopes existed in the near neighborhood. In view of 
the steep tilting and truncation of the Temiskaming Series, it is 
not beyond reasonable supposition that comparatively rapid oro- 
genic movements may have developed steep stream gradients over 
a large area in such a manner as to have produced rapid accumu- 
lations of gravel, particularly if this change in the surface was 
accompanied by climatic conditions giving rise to heavy winter 
precipitations in the mountains. In this manner alpine glaciers 
would inevitably have developed on the summits, and spring 
freshets in the lower altitudes (a great difference in elevation not 
being necessary) would have tended to build up considerable 
accumulations of coarse boulder gravel containing faceted 
pebbles. 

2428 WoLtsey ST., 
BERKELEY, CAL. 
ALFRED R. WHITMAN. 


THE ORIGIN OF GRAPHITE. 


Sir: It is regrettable that when inspired to prepare his article, 
“The Origin of Graphite,” published in Economic GroLoey, 
April-May, 1921, Mr. Clark did not have access to other, in part 
more recent, publications of the Canadian Department of Mines 
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dealing with this subject than those he has apparently consulted, 
namely, the reports by Cirkel and Osann. If Mr. Clark had con- 
sulted the work of M. E. Wilson on the Canadian graphite de- 
posits,» and also my report on graphite, issued by the Mines 
Branch last year, he could hardly have fallen into the error of 
believing that the theory of the origin of graphite as it has oc- 
curred to him and as set forth in his article possesses any of the 
novelty claimed for it. 

The theory that graphite may have been deposited*in rocks by 
the reduction of carbon dioxide released from carbonate rocks 
during metamorphism is not new and has long had its supporters 
as well as its opponents. Mr. Clark, indeed, gives credit to Mr. 
H. P. Brumell, the veteran graphite operator of the Buckingham 
district, in Quebec, for suggesting such a mode of origin as far 
back as 1908, but he proceeds immediately to make capital at 
Mr. Brumell’s expense by alluding to his theory as a “chance 
remark containing an idea” that Mr. Brumell evidently did not 
appreciate the significance of. Surely such an implication is un- 
called for. If Mr. Clark had been in attendance at the excur- 
sions of the Twelfth International Geological Congress to the 
Quebec graphite area in 1913, he would have heard what I will 
term the Brumell theory (in order to restore the credit where it 
more properly belongs) very actively debated by a number of 
eminent geologists, including the late Richard Beck, A. C. Lane, 
and others. 

Mr. Clark’s paper conveys the impression that he has written 
it without thoroughly ascertaining whether other workers in the 
same field have not possibly anticipated him to equal if not better 
purpose. Certainly the article presents no new theory and brings 
little fresh evidence to bear on an old one, for which reason 
there appears little justification for it; the literature on the sub- 
ject is sufficiently voluminous as it is. 

In addition, Mr. Clark makes several statements that may 
properly be questioned. For example, speaking of “bedded” 


1 Published in the Summary Reports of the Geological Survey, 1911 to 
1920, also Memoir 113 of the same Survey. 
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graphite deposits (altered sediments), the opinion is expressed 
that “there is no apparent reason why static metamorphism 
should not produce graphite from coal.” If “static metamor- 
phism” is intended to imply the agency of pressure alone, this is 
a surprising statement in view of the relatively small degree of 
metamorphism exhibited by the earliest Palzeozoic sediments not 
altered by dynamic or contact metamorphism; if the pressure of 
enormous thicknesses of strata has effected little or no material 
alteration of such rocks, it would be surprising that coal seams 
(of much more recent age) should have undergone such a pro- 
nounced change as the alteration of amorphous carbon to 
graphite. Again, in speaking of “disseminated deposits,” the 
statement is made that “ genetically, this type of deposit is not 
far removed from the preceding” (bedded deposits), and also 
that “in most cases, it is the result of the metamorphism of 
carbonacedus sediments.” In view of the extreme difference in 
character of the graphite of Mr. Clark’s “bedded” and “ dis- 
seminated” deposits, while in both cases metamorphism is the 
agency responsible for the formation of the graphite, the degree 
of metamorphism involved in the two types is alone sufficient to 
class them as very far removed from one another. The asser- 
tion that most disseminated flake graphite deposits are the result 
of the alteration of carbonaceous sediments is unwarranted and 
is directly contrary to the theory which may be presumed to have 
inspired Mr. Clark to write his article. Neither H. L. Alling nor 
B. L. Miller have ventured such a sweeping statement as this. 
M. E. Wilson’s conclusions on the Canadian flexe graphite de- 
posits (contained in both crystalline limestone and in gneiss) are 
opposed to such an origin, as are also my own, formed after 
considerable investigation of the field relations. Examination, 
also, of flake deposits in New York, Pennsylvania and Alabama, 
as well as in Germany, has far:from convinced me that the carbon 
was an original organic constituent of the rocks of those areas. 


HucuH S. SPENCE. 
MINEs BRANCH, 
DEPARTMENT OF MINEs, 


Ottawa, CANADA. 
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Field Mapping for the Oil Geologist. By C. A. Warner. Pocket size, 
145 pp., 40 illustrations. Price $2.50. John Wiley & Sons, New York, 
1921. : 

This book is designed “to furnish a handbook of value to those geolo- 
gists who have had little experience with methods commonly used in 
examining a territory not yet drilled,’ and to accomplish that end it 
discusses in four brief chapters the methods of field mapping and the 
use of field mapping instruments, and also furnishes for ready reference 
useful tables and stratigraphic sections. 

The author has plainly recognized the need for a handbook on methods 
of field work for the use of men versed in the theory of oil geology, 
but without experience in applying that theory. Most handbooks on oil 
geology devote a large part of their contents to theory and leave methods 
to the ingenuity or experience of the geologist. Mr. Warner has stuck 
admirably to his subject without digressing to voice theories or beliefs. 

Although the conception of the book is admirable, it falls far short 
of its purpose. It is plainly founded almost entirely on experience and 
training in the Mid-Continent oil field, and the methods given are 
applicable only to Mid-Continent conditions. Its value would certainly 
be negligible except in a region of gently folded oil-bearing strata. 
Few of the many problems that confront the geologists in the Appa- 
lachian, Rocky Mountain, California, and Gulf Coast fields are even 
mentioned, while exploratory methods for broad areas whose potenti- 
alities are unknown are absolutely neglected. The title is therefore 
misleading. It should at least be restricted to “Field mapping for the 
oil geologist in the Mid-Continent oil fields.” 

A very noticeable omission is the lack of references to sources of in- 
formation and lack of quotation marks for some’ of the quoted material. 

In spite of the shortcomings noted above, the book seems to have 
possibilities, and a revised and enlarged second edition might be so 
constructed as to be very useful to the field man. It therefore seems 
justifiable to discuss constructively the separate chapters. 

Chapter one deals with the study of field conditions, the discussion 
being so brief as to be in effect an outline. This brevity is explained by 
the statement in the second paragraph, that “‘ it is of course assumed that 
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anyone intending to map possible oil or gas producing territory has... 
made himself familiar with the geology of those materials,’ which is 
supplemented by a reference to four of the more recent works on oil 
geology. The statement would be much more effective were the list of 
works on petroleum geology more comprehensive, but it renders under- 
standable the omission of many things which might well be expected in 
a handbook on field mapping for the oil geologist. 

Brief paragraphs are devoted to the age, kind of rocks, origin of the 
sediments in the area, proportions of shale, sandstone, and limestone, 
types of structure most favorable, structural conditions affecting accumu- 
lation of oil or gas, and surface indications. The benefit to be derived 
from a study of this part of the book is negligible unless, as the writer 
has postulated, the reader is thoroughly versed in the theory of petroleum 
geology. The matter presented is, for the most part, accurate, errors 
being of omission rather than of commission. For example, it is 
evident that the writer has in mind only oil which has originated in 
shale. He makes no provision for areas where limestones are the 
source, as in.the Virgin City district of Utah, and those producing regions 
of Wyoming where the oil comes from the Embar formation. Methods 
for regions where oil accumulates in response to differences of porosity, 
or lenticularity of beds, do not appear. The list of surface indications, 
methods of testing such indications, and their possible significance, does 
not include many data that would be of great value to the inexperienced 
field man. Still more serious is the failure to discuss the need of detailed 
stratigraphic sections and methods to obtain them; the significance of 
the fixed carbon ratio and the consequent desirability of sampling all 
coals within the area and the compilation and study of their proximate 
analyses; the value of studying the geologic history and utilizing the 
information it may furnish concerning the existence and profundity 
of unconformities, probable parallelism or lack of parallelism of folding 
in rocks of different ages, metamorphism and consequent destruction of 
oil content in rocks of certain ages, probable locations of buried relief 
in older rocks with resultant folding in newer beds, and an abundance 
of other significant facts. 

Chapter two is devoted to a discussion of the various kinds of maps 
that the petroleum geologist may be called on to use. Such a discussion 
will be of great value to many petroleum geologists, and should un- 
questionably be included in any comprehensive work on field methods 
for them. This chapter deals more fully with topographic maps than 
with other types, and devotes more attention to their appearance and 
the symbols used on them than to their interpretation. The statements 
concerning interpretation of topographic maps are applicable to such 
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stratigraphy as is encountered in the Mid-Continent oil field, but would 
lead to erroneous conclusions in other regions. Geologic maps are 
discussed very briefly, with a few helpful though inadequate paragraphs 
on their construction and interpretation. Structure maps are accorded 
more complete treatment, with particular attention to the use of struc- 
ture contours. The author depends in large measure on illustrations to 
convey his ideas in this section of the chapter and shows various types 
of folds outlined by structure contours. No mention is made of cross 
sections, stereograms, models, or in fact of any method of depicting 
structure with the exception of structure contours and dip symbols. 
Ownership maps, county maps, and township maps are taken up in the 
order mentioned, and even though they are not described in detail, 
attention is called to various sources of information that are not in- 
frequently overlooked. Failure to mention the township maps issued by 
the U. S. General Land Office; the maps, triangulation and spirit level- 
ling of the U. S. Coast and Geodetic Survey; and the excellent maps 
of many areas prepared by the U. S. Soil Survey of the Department of 
Agriculture, is regrettable. 

Chapter three deals with the methods to be employed in both detailed 
and reconnaissance field mapping, the construction of subsurface maps 
and the preparation of reports. Much of the information presented in 
this chapter is very good, but it is of a specialized nature, applicable 
only to regions where stratigraphic and structural conditions approxi- 
mate those in the Mid-Continent field. The chapter is far from a 
complete treatise on field mapping, and some of the omissions and 
misstatements may be disastrous if not corrected. For instance, in the 
opening paragraph is the statement that “geologic maps are also some- 
times made by the geologist, but so seldom that they will not be taken 
up.” The geologist who attempts to prepare a correct structure map 
without also making a geologic map may succeed if both stratigraphy 
and structure are extremely simple, but even under such ideal con- 
ditions will probably fail lamentably. Similarly, the formula given for 
computing the interval between two beds is applicable only where the 
outcrops of the two beds are at the same level. And even in this one 
instance to which the formula applies the reader of the text must be a 
mind reader as well to know that the author intends his “d” to repre- 
sent horizontal distance, rather than slope distance or vertical distance. 
In other words, unless the reader is able to work out a formula of his 
own, that given in the text is of no value. 

The descriptions of methods for tracing covered beds and for the 
correlation of beds contain much admirable material, and a warning 
of the danger of misinterpreting slumping and cross bedding is amply 
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justified by the results obtained by some geologists of little experience 
or inadequate training. A pertinent addition to this part of the book 
would have been a short discussion of unconformities and the erroneous 
conclusions that may be reached where, as in north-central Texas, un- 
conformable formations dip in opposite directions. The usefulness of 
careful study of the stratigraphic section and suggestions to the geologist 
concerning the things he should note in his study of the lithology, paleon- 
tology, and other characteristics of the beds, would also enhance this 
section. In like manner the paragraphs discussing methods of drawing 
structure contours could be expanded, for as presented they apply only 
to regions where the rocks dip less than five degrees. It could be pointed 
out that purely mechanical methods of determining the locations of 
structure contours will suffice only where a great number of elevations 
upon which to base the contouring are available, and that even there 
the position of the contour as determined in this mechanical manner 
should, in many instances, be altered so that the structure as depicted 
will agree more closely with the recognized principles of rock defor- 
mation. 


Many helpful methods are given in the sections on Reconnaissance and 
Mapping and on Useful Methods in Mapping, and even an experienced 
geologist may obtain ideas of value from this portion of the chapter, 
although, as in other parts of the book, omissions detract greatly from 
its possible value. The mention of triangulation is of little use without 
a discussion of the three point problem. Traverses run with a com- 
pass according to the directions given may produce weird results if there 
is any local magnetic disturbance and the geologist is not acquainted 
with methods by which to detect and correct it. The rule for checking 
a traverse would hardly be understood by a novice, and if he attempted 
to follow it without careful reasoning, he might find himself in difficulty. 
The reader must guess at the point from which the traverse given as an 
illustration was started, and must also guess at the direction in which it 
was run. If he is correct in both guesses the rule will work. 

The section on subsurface maps and convergence sheets is abstracted 
from Bulletin 318 of the U. S. Geological Survey, published in 1907, 
and deals exclusively with the method of preparing a map of the oil 
sand in an area where the oil sand does not exactly parallel the beds 
exposed at the surface, and where the dips are gentle. Nothing is 
given to assist the geologist who must construct maps of the oil sands 
in regions where the strata dip more steeply than five degrees, and where 
the problem is perhaps complicated by faulting, asymmetry of the struc- 
ture, or other factors. 

The chapter is concluded with a section on preparing the map and 








568 REVIEWS. 


report. In this the very excellent advice that “the paper be as brief 
as possible and still cover every condition in the area that in any way 
bears upon possible production” is given. A short outline for a report 
is presented covering most of the principal points that should be con- 
sidered. Headings calling for discussion of source and quality of the 
oil, depth of drilling, and character and thickness of the oil sarids would 
add to its scope and serviceability. 

Chapter four is devoted to the use and adjustment of field mapping 
instruments, the telescopic alidade, Brunton compass, aneroid barometer, 
and the stadia hand level being considered. The descriptions, of. meth- 
ods of manipulation are concise and for the most part accurate. The 
statement in the first paragraph, that “the interception on the rod of the 
top and bottom hairs times 100 is equal to the horizontal distance that 
the rod is away from the center of the instrument” is incorrect, for 
the distance is measured from the focal point rather than from the 
center of the telescope. The difference is so slight as to affect only very 
precise measurements. More serious is an error in the directions for 
adjusting the stadia hairs. In the type of alidade described in the 
handbook the relations of the hairs to each other are fixed, and move- 
ment of the stadia adjusting screws moves all three of the hairs uni- 
formly but does not change their mutual relations. 

The chapter suffers through omission of many of the methods for 
using the instruments mentioned, as well as through failure to mention 
other instruments of use in the study of oil fields, such as the Locke 
level, the Abney level, transit and spirit level which may be used to 
replace the alidade and plane table as well as to obtain results the plane 
table will not give, types of prismatic compasses other than the Brunton, 
barographs for use in connection with aneroid barometers, and the 
lesser instruments such as the hand lens, magnifying glass, pocket tape 
or jointed rule, tally register, etc., with all of which the competent oil 
geologist should be familiar. 

Chapter five contains methods of meridian determination, useful 
tables, and a variety of geologic sections. Among others it presents a 
table for computing the approximate depth of a drilling well from the 
number of complete wraps of the drilling cable wound on the bull 
wheel in withdrawing tools, permitting a rough check on the driller’s 
estimate. This table is a novelty in handbooks for oil geologists and 
should prove useful. The general geologic sections should also be of 
value to familiarize the geologist with the nomenclature of formations 
with which they must deal. 

The value of including Table VII, “Number of rods in feet and 
inches,’ and Table VIII, “ Number of links in feet and inches,” may 
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perhaps be questioned as neither rods nor links are in common use as 
units of length. Table X appears to be superfluous, as it is repeated in 
Table XI. On the other hand, the tables of the natural and logarith- 
mic trigonometric functions might well have been expanded to include 
more than the sine and cosine functions, since the omission of the 
tangent function will often necessitate an extra step in the calculation. 


K. C. Heap. 


Economic Mineralogy. A Practical Guide to the Study of Useful Min- 
erals. By THomas Crook. 492 pp., 247 figs. in the text. Long- 
mans, Green and Co., 1921. Price $8.00 net. 

Mr. Crook’s book is unique among the great number of elementary 
text-books of mineralogy that have appeared in the last few decades, 
as it differs much more than most mineralogies from the classical 
books of‘the Danas on the subject. As stated in the preface, “The 
aim of this book is to deal with the subject of mineralogy in such a 
way as to meet the needs of those who wish to restrict their atten- 
tion to the utilitarian side of the subject.” However, the author 
recognizes the necessity of making “a fairly complete study of the sci- 
entific elements of the subject.” The book in a large measure attains 
its aim, and it should prove very useful to all who are interested in 
minerals on account of their economic value. However, I personally 
deplore the present tendency in some places to teach subjects like min- 
eralogy from the point of view of their immediate utility and believe 
that the best training for an economic mineralogist is a good course 
in the science of mineralogy, with particular emphasis on determina- 
tive mineralogy and the occurrence, association, and uses of minerals. 

I am inclined to take exception to the statement in the Introduction 
that the academic mineralogist “regards the development of excellent 
crystal forms as the prime essential of a mineral specimen.” Indeed 
the mineralogist is delighted to find well-formed crystals partly because 
they are things of beauty but chiefly because they give additional and 
exact information about the mineral. He is, however, just as inter- 
ested in the physical properties (including the optical properties), the 
chemical properties, the parageneses, the crystal structure, the economic 
value in itself and its bearing on the value of the associated material. 

The six chapters on the properties of minerals are excellent brief 
elementary treatments of the subject and are well suited to the purpose 
of the book. The chapter on crystals and their symmetry is intended 
largely as a basis for the study of crystal optics. The chapter on “ The 
general physical character of minerals” properly emphasizes specific 
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gravity, but it does not bring out clearly enough the difficulty of mak- 
ing satisfactory measurements of this property, on material such as the 
economic mineralogist must constantly determine. The chapter on the 
practical elements of crystal optics properly recognizes the importance 
of measurements of the index of refraction and birefringence for de- 
terminative purposes. The short section of this chapter on the exam~ 
ination of opaque minerals, although it gives a remarkable amount of 
valuable information in a page and a half, could be considerably ex- 
panded to advantage. A chapter on chemical examination of minerals 
follows. The discussion in chapter six on the “ Physical*Analysis of 
Crushed Rocks and Loose Detrital Sediments” is rather detailed and 
contains a description of all the methods in common use for the physical 
analyses of rocks. Chapter seven discusses the geology of economic 
mineral deposits. I question the desirability of bringing in the new 
classification of rocks and mineral deposits proposed on pages 123 to 127. 

In the descriptive chapters that follow the minerals are classified 
according to their uses into three groups, Ore Minerals, Gem Miner- 
als, and Miscellaneous Minerals, and within the groups the arrange- 
ment is alphabetical so that all the ores of aluminum are described to- 
gether. The mineral descriptions give especial emphasis to the origin 
and uses of the minerals and also brief descriptions of the chief eco- 
nomically important occurrences of the minerals. These latter descrip- 
tions are brief abstracts of the ore deposits of the metal with especial 
emphasis on the mineralogy. 

The classification adopted leaves no place for the description of the 
common minerals as gangue minerals nor for rock minerals. For in- 
stance, quartz is described under gem minerals and referred to under 
miscellanéous economic minerals, but no mention is made of its im- 
portance and significance as a gangue mineral, and little is said of its 
importance as a rock mineral. Much the same holds for calcite, garnet. 
epidote and the other gangue minerals. The recognition of the gangue 
minerals is of great economic importance, partly because they indicate 
something as to the kinds of valuable minerals to be expected in asso- 
ciation and as to the form and extent of the deposit, and partly because 
they greatly influence the treatment of the ore and may increase or 
decrease its value. However, nearly all the important minerals are de- 
scribed as all are made use of under some circumstances. 

The determinative tables at the end of the book differ from most 
published tables. The minerals are divided, as usual, into two groups, 
those with a metallic or submetallic luster and those with a non-metallic 
luster. In each group the minerals are arranged according to their 
hardness, with specific gravity and fusibility given importance and with 
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color and streak for the metallic group and index of refraction and 
birefringence in the non-metallic group. Special diagnostic properties 
are given under a column headed “Other Characteristics.” Color is 
given less importance than in most tables for determinative miner- 
alogy. Another list of minerals is given arranged according to spe- 
cific gravity. There is a laudable attempt in the tables to use quantita- 
tive data for mineral determination. However, I believe that in com- 
mon with most text-books on mineralogy, sufficient emphasis is not 
placed on the fact that in using quantitative data, such as specific grav- 
ity, index of refraction, and chemical composition, for determinative 
purposes, one must remember that, due to isomorphism and solid solu- 
tion, many minerals vary considerably and systematically in all their 
properties. 

In general crystal habit and association are undervalued in the de- 
terminative, tables. 

The book is carefully written and well printed and contains numer- 
ous excellent, carefully chosen text-figures. The information is gen- 
erally reliable and conforms to the latest information on the subject. 
Inevitably some errors have crept in. Near the bottom of page 408 the 
author speaks of a “ quartzose variety of the mineral pyrophyllite.” On 
page 319 the old discredited formula is given for turquoise. At the 
bottom of page 253 the statement is made that wolframite is the tung- 
sten mineral at Atolia, California, although the Atolia District produces 
no wolframite, but has been the greatest producer of scheelite in the 
world. In general, the description of the occurrences in the United 
States of tungsten and other so-called “war minerals” does not em- 
body the latest developments. 

The book should serve its purpose. well. The chapters on the prop- 
erties of minerals are excellent, well-balanced elementary treatments of 
the subject. The descriptive part should be useful to any one inter- 
ested in economic mineralogy and the mineral tables should prove very 
satisfactory for elementary determinations. 

Esper S. LARSEN. 











SCIENTIFIC NOTES AND NEWS' 


FRANK L. Hess, of the U. S. Geological Survey, has com- 
pleted a trip through the western states and has gone to Los 
Angeles. : 


ARTHUR W. JENKs is at present in northern Ontario, exam- 
ining mineral properties in several districts. 

K. C. HEAxp, of the U. S. Geological Survey, returned from 
the Salt Creek field, Wyoming, the last of November. 

ArTHUR NotMAN has left New York City for Bisbee, Ari- 
zona. 

E. L. Bruce, professor of the department of mineralogy in 
Queen’s University, Kingston, Ontario, has declined the position 
offered him by the government of the province as Commissioner 
of Northern Manitoba. 





REGINALD E. Hore has been appointed editor of the Canadian 
Mining Journal. . 

Kirpy THomaAs has recently completed an examination of the 
gold properties in the Caribou Mountain District, north of Soda 
Springs, in Idaho. 

CarLos Duz pE Mepina, of Bolivia, returned a short time 
ago from China, where he has been examining tin mines. 

R. C. WALLACE has resigned as Commissioner of Northern 
Manitoba, and has resumed his position at the University of 
Manitoba. 

F. J. S. Sur, Petroleum Geologist, has recently returned to his 
San Antonio office after having spent six weeks in the State of 
New Jersey, on geological inspections. 

* Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 


or scientific studies undertaken by them, together with such other scientific - 
and personal items as may come to their notice. 
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Rospert A. Bryce AND G, C. BATEMAN announce the removal 
of their offices to 8 Wellington Street East, Toronto, Ontario. 

FRANK M. Estes has left for Honolulu, where he will spend 
some time examining mining properties. 

WALTER G. Scott, of the U. S. Bureau of Mines, Southwest 
Station, has returned to the Inspiration Consolidated Copper 
Company to assume his former duties. 

EVERETT CARPENTER, formerly chief geologist of the Empire 
Gas and Fuel Company and Emerald Oil Company, has opened 
an office as a consulting geologist and appraiser in Winfield, 
Kansas. 

EpMUND Norris Hosert, mining engineer with the American 
Smelting and Refining Company at Parral, Mexico, is now at his 
headquarters in El Paso, Texas. 

C. J. FF. Gattoway has arrived in England from Sarawak, 
Borneo. 

K. YosH1zAwa, chief mining engineer for the Mitsui Mining 
Company of Japan, has recently completed a tour of the Mesabi 
iron range. 

WarrREN R. SHOLEs, of the School of Mines, University of 
Utah, has received an appointment as mineral examiner in the 
Utah field division of the United States Land Office. 

D. M. DRUMHELLER, JR., has opened offices in the Peyton 
3uilding, Spokane, as consulting mining engineer. 

WALTER J. Eaton has received an appointment as mine super- 
intendent at the Smuggler Union, Telluride, Colorado. 

THE WEsT VIRGINIA GEOLOGICAL SURVEY has just issued an 
847 page detailed report, accompanied by a separate case of maps, 
on Nicholas County. As this county contains among others the 
famous New River Coal Group, it will be of wide interest. The 
report and maps may be obtained from the Survey at Morgan- 
town, West Virginia, for $3.00 per copy. 

Davin WHITE gave a lecture on “ The origin of coal and pe- 
troleum” in Toronto on December 19 before the Royal Canadian 
Institute. 
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R. W. SToneE has become Assistant State Geologist of Penn- 
sylvania. 

At THE ANNUAL MEETING of the Society of Economic 
Geologists held at Amherst, Massachusetts, December 28-30, 
the following papers were presented: The Society of Eco- 
nomic Geologists—Its Sphere and Its Future, Presidential Ad- 
dress by R. A. F. Penrose, Jr.; Plain Geology, by George Otis 
Smith; The Need of Expediting Topographic Mapping of the 
United States, by F. W. DeWolf; Ore Deposits of Leadville, 
Colorado, by G. F. Loughlin; The Geology of the Braden Mine, 
Chile, by Waldemar Lindgren and E. S. Bastin; Stressing Eco- 
nomics in the Teaching of Economic Geology, by Edson S. Bas- 
tin; The Oil and Gas Section of the Course in Economic Geology, 
by Roswell H. Johnson; Experimental Study of the Invasion of 
Oil into a Water-Wet Sand, by Orren W. Skirvin; Results Ob- 
tained by Improved Methods of Extracting Petroleum, by Rob- 
ert B. Bossler; Probable Origin of Certain Vein Structures, by 
L. C. Graton; A Recent Hot Spring Deposit in Bolivia, by 
Waldemar Lindgren; A Suggestion for the Terminology of Cer- 
tain Ore Deposits, by Waldemar Lindgren; The Gold-Bearing 
Cummingtonite Schists of the Black Hills, South Dakota, by J. 
J. Runner ; Petrographic Notes on the Franklin, N. J., Zinc Ores, 
by W. C. Bowen; Primary Native Silver Ores near Wickenburg, 
Arizona, and their bearing on the Genesis of the Silver Ores of 
Cobalt, Ontario, by Edson S. Bastin; A Study of the Supergene 
Processes at Neihart, Montana, by M. E. Hurst; Some Etching 
Tests on Pyrrhotite, by H. C. Boydell; Geologic and Geographic 
Occurrence of Precious Stones, by Sydney H. Ball; Geology of 
the Virginia Emery Deposits, by T. L. Watson; The Domestic 
Magnesite Industry in 1920, by R. W. Stone. 
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principles of geology, 48-51 

Petrography, of graphite rocks, 189; 
of magnesite deposits, Eubcea, 510 
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hornfels, 416; quicksilver ore, Al- 
madén mine, 317-319 
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Spurr, J. E., on minerals of a con- 
tact metamorphic ore deposit, 386; 
on quartz muscovite rock from 
Belmont, Nevada, 5 

Spurr, J. E., and Emmons, S. F., on 
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